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fornia. Doctor Kanavel was a graduate of Northwestern University Medical 
School in 1896 and served an interneship in Cook County Hospital. He then 
became a member of the surgical faculty of his Alma Mater and advanced 
gradually to the position of head of the surgical department in which capacity 
he served for nine years. His success both in the science and the art of sur- 
gery was outstanding, and his contributions, especially to the surgery of the 
hand, gave him an international reputation. He was a member of the staffs of 
Wesley Memorial and Passavant Hospitals and served from its beginning first 
as associate editor and then as editor of Surgery, Gynecology and Obstetrics. 
As one of the organizers of the American College of Surgeons, he had an 
active part in its direction, serving on the Board of Regents for many years and 
as president in 1931 to 1932. He was elected a member of the American 


Surgical Association in 1913. In recent yeirs he had resided most of the time 
in Pasadena. 
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THE USE OF HEPARIN IN THROMBOSIS* 
Gorpon D. W. Murray, M.D., anp CuHarues H. Best, M.D. 


Toronto, Can. 


THE discovery of heparin in Howell’s laboratory, in 1916, and _ his 
demonstration that it was a natural anticoagulant of blood, raised hopes that 
it might also be a preventive of thrombosis. Unfortunately the early experi- 
ments on animals and the clinical use of the drug as a preventive of clotting in 
blood transfusions were discouraging, owing to the toxic symptoms produced. 
In 1929, however, one of us (C. H. B.) initiated research on the purification 
of heparin, in the Connaught Laboratories, and Charles and Scott! succeeded 
in preparing it in the form of a crystalline, barium salt, which was 100 times 
more potent than the original crude material and completely free of toxic 
properties. This success revived our interest in the possible clinical value 
of the drug and encouraged us to study, both upon animals and patients, its 
influence on those pathologic conditions which are based upon thrombosis. 

That heparin has a profound influence in preventing thrombosis has been 
amply demonstrated by a long series of experiments upon animals, begun in 
the Department of Surgery, in 1932, and reported elsewhere,? in which it 
was shown that the thrombosis, which normally results from mechanical (Fig. 
1) and chemical injuries to veins, could be prevented in a high percentage 
of cases by its intravenous administration. This suggested that, if it could 
be given safely to patients, it might be used as a prophylactic in those con- 
ditions which lead to postoperative pulmonary embolism, and as an adjuvant 
in those operations upon blood vessels in which the outcome has been so 
doubtful, because of the tendency of thrombosis to occur at the site of the 
operation. 

Experimental Investigation —The early experiments on toxicity were done 
on dogs, using heparin of a potency of 15 units per mg. In these animals, 
when the clotting time had been prolonged to half an hour, muscular weak- 
ness and vomiting developed, and when larger doses were given the animals 
died of profuse intestinal hemorrhage. The postmortem examinations dis- 
closed multiple hemorrhages in all the organs and beneath all serous surfaces. 
These results led to the efforts to purify heparin and ultimately to the prep- 
aration of an extract with a potency of 250 units per mg. This preparation 
produced no toxic effects on animals even when the clotting time was pro- 
longed to four hours. This encouraged further experimental study. 

Arterial Anastomosis —While great improvement has been made in the 
results of operations on the blood vessels by the development of special tech- 
nic, there still remains a high percentage of cases in which operations on 
arteries and veins fail because of thrombosis at the line of suture. In the 

* Read before the American Surgical Association, at Atlantic City, N. J., May 3, 
1938. Submitted for publication June 20, 1938. 
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hope that heparin might improve the results, a series of experiments was 
performed in which the axillary, femoral and carotid arteries in dogs were 
sectioned and then sutured with fine silk. In 50 such experiments, in which 
regional heparinization was used, the arteries remained patent in 40, or 80 
per cent; whereas, when no heparin was used, only 18, or 35 per cent, re- 


Fic. 1 Fic 





~~ 
Fic. 1.—TIllustrating method of inserting the suture before 
crushing the vein 
Fic. 2.—Anastomosis of artery recovered one year later. 


mained patent. It was shown in these experiments that, if the lumen could 
be kept patent for 72 hours, the suture lines were healed and there was 
no longer a tendency to thrombosis or clotting at this site (Fig. 2). Speci- 


mens recovered a year afterward showed only a slight scar. 





Fic. 3.—Regional heparinization: (A) Showing needle in lumen of 
artery. (B) Proximal to suture line. 


Venous Grafts.—In an earlier report the different methods of administer- 
ing heparin were described, and suffice it to say here that the term “regional 
heparinization” has been coined to describe the injection of sufficient heparin 
into an artery proximal to a suture line (Fig. 3) to affect the clotting time 
locally in that vessel and in the blood returning from that extremity, but not 
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to change the clotting time of the whole blood stream. “General hepariniza 
tion,” on the other hand, is a term employed to denote that the clotting 
time of the blood in all parts of the body has been increased, and this has 
been effected by a continuous intravenous injection. 

To study the effect of regional hepar- 
inization, segments of carotid artery 
varying from one to three and one-half 
inches in length were excised, and a 
similar length of external jugular vein, 
removed from the same animal, was 
anastomosed at both ends to take the 
place of the segment of artery removed. 
The veins stood the pressure  satisfac- 
torily and, with regional heparinization, 
the lumen was kept patent in 70 per 
cent of 25 such cases (Figs. 4, 5, and 6). 


Further research is in progress on this 





subject which will be detailed in a sub- i 
sequent communication. Fic. 4.—Venous grafts: (1) Recovered 


ae ; . : 48 hours after grafting. (2) Recovered eight 
Peripheral Embolism.—Our experi- hours after grafting. (3) Recovered eight 


days after grafting. 


ence with embolectomy® is now  suffi- 
ciently great to show that while this operation is useful in trained hands in 


early cases, it is of no value where the embolus has been lodged for more 


Fic. 


wn 





Fic. 5.--Suture line and graft patent three weeks later. 
Fic. 6.—Showing change in wall of vein graft after six 
months. 


than 12 to 15 hours. In these, the damage to the intima is such that after 
the removal of the embolus a thrombus quickly occludes the artery again 
and so spoils the operation. To study this, a series of experiments was per- 
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formed on dogs in which the femoral and carotid arteries were opened by 
linear incisions and plugs of sterilized foreign body and blood clot placed at 
bifurcations. The incisions in the vessels were closed and the plug left in 
situ for from 24 to 72 hours. The lumina of the vessels were than cleared 
through an incision at another spot. In nine controls treated in this way, 
all the vessels rapidly became occluded again by a thrombus. In eight others, 
after similar treatment and with either regional or general heparinization, 
thrombosis did not occur and the vessels all remained patent (Fig. 7A). 
Splenectomy.—To investigate the effect of heparin in the portal circula 
tion, in a control group of eight dogs, the spleen was removed and the splenic 
vein injured by crushing it over a linen suture lying in its lumen. Ten days 
later the veins were removed and in all the controls these were occluded. 
In eight other animals, a similar operation was carried out, with similar 





A B 


Fic. 7.—(A) Shows artery three months after embolectomy. Suture lines healed. (B) 
Shows lumen of splenic vein clear. 


72 hours. 


injury to the vein, and general heparinization was continued for 
Seven days following this, the veins were removed and in all the lumen was 
patent (Fig. 7B). While there was satisfactory evidence that heparin would 
prevent thrombosis in the peripheral circulation, it was not known what 
effect it would have in the portal circulation. This would appear to be 
evidence that this substance will prevent thrombosis in the portal system. 

Transplantation of Organs.—\ithout very great care in technic, Carrell’s 
transplantation of organs has been carried out and the circulation has been 
restored and maintained successfully for many months with the aid of heparin. 
Using our technic, control cases failed when heparin was not used. 

Administration of Heparin to Human Beings.—With the knowledge that 
heparin was nontoxic and would prevent thrombosis and clotting in blood 
vessels in animals, it was decided to carry the experiment further and try 
it on clinical cases in the wards of the hospital. 

Published reports? describe the first efforts at giving heparin to patients in 
the Toronto General Hospital and contain descriptions of methods of giv- 
ing it and the effects obtained by the different methods. 

To determine if heparin was toxic, it was administered intravenously to 
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several patients but it was disappointing to find that about half of them 
showed toxic effects in the form of headache, nausea, vomiting, faintness, 
pallor, chills, rapid pulse and a fairly marked fall in blood pressure. Its fur- 
ther use had to be abandoned, therefore, until a still purer preparation could 
be produced. This was finally accomplished by Charles and Scott! when the 
crystalline barium salt was isolated; and since then no toxic effects on pa- 
tients have been observed. As a result of its intravenous administration, the 
blood clotting time can be maintained for as long as 40 days at a level three 
or four times the normal, and it is possible to administer it to the average 
patient on the wards without the anxiety that formerly attended its use. 

Before it could be considered safe to use heparin in the wards, one had 
to be assured that its administration would not have a cumulative effect, and 
to have some idea of how long a time would elapse after stopping the in- 
jection before the clotting time would return to normal. It was important 
to know this as there was always the possibility of a hemorrhage occurring 
during the administration of the drug. This matter was studied in both 
animals and patients, and it has been shown that when the administration of 
the drug is stopped it rapidly disappears from the blood. In patients whose 
clotting time has been raised to 20 minutes, the effect has completely dis- 
appeared in an hour and even when the clotting time was raised to an hour 
and a half there was a return to normal in an hour and 20 minutes. This 
knowledge was comforting in one patient, who had been heparinized for 
four weeks because of phlebitis and who developed symptoms of reactivation 
of an old duodenal ulcer and a hemorrhage. With the discontinuance of the 
heparin the bleeding ceased and patient recovered. 

Negative Phase.—Neither in the experimental animals nor in human be- 
ings, when the effect of heparin has worn off, has there been any demonstrable 
change in the blood. The clotting time does not become shorter than the 
normal time; the sedimentation rate, van den Bergh reaction, prothrombin 
index, platelet and red and white blood counts do not change. In none of 
the cases that have received heparin clinically, has there been any evidence 
of late or residual effects such as recurrent thrombosis or embolism after 
the clotting time returned to normal. 

Arterial Anastomosis and Venous Grafts—Thus far, we have not had 
an opportunity to employ this operative procedure in the hospital but hope 
to try it when a suitable patient appears. Not infrequently, surgeons are 
confronted with a situation where a tumor involves an important artery, and 
in which the artery must be ligated off to allow removal of the tumor. The 
choice lies between leaving at least part of the tumor or tying the vessel, and 
in certain instances, as in the case of the internal carotid, this is accompanied 
by very grave risks. It is proposed under such conditions to remove a seg- 
ment of the artery, to reconstruct it with a venous or arterial graft, and 
then to heparinize the patient. It is hoped also in aneurysms, arteriovenous 
fistulae, and probably in some other diseases of arteries that, after resecting 
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the affected area, the main trunks can be reconstructed and the circulation 
restored. 

Peripheral Embolism.—Our clinical experience with heparin in this dis- 
ease has not been great, as the number of cases admitted to the surgical wards 
is small, but in the few we have had, the results have been impressive. In 


none has amputation been necessary and in several the peripheral pulse 
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Fic, 8.—Aorta, iliac and femoral vessels patent; suture line at arrow healed 


Fic. 9.—Emboli removed. 


\ 
beyond the occlusion returned and persisted. Such observations, however, 
are not conclusive, as it is always possible that the recovery occurred through 
the development of the collateral circulation. However, in one very unfavor- 
able case, a subsequent autopsy enabled us to examine the arteries and to 
see that a complete restoration of the circulation had taken place. This was 
a patient who was operated upon 25 hours after the first appearance of symp- 
toms for embolism involving both common iliac and femoral arteries. The 
emboli were removed but they did not slip out as easily as in earlier cases 
because of some stickiness of the intima. Before the arterial clamps were re- 
moved from the arteries these were filled with a heparin solution. When the 
clamps were removed, the circulation returned quickly to both feet. From 
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then on, the patient’s blood clotting time was kept above 20 minutes for two 
weeks, and then the heparin was discontinued. The circulation remained 
normal and there were no ill effects apart from a moderate sized hematoma 
in the abdominal incision, which caused no special trouble. However, in 
the left foot, even though the palpable pulsations in the anterior and posterior 
tibial arteries remained normal, there was some residual anesthesia and loss 
of motion. These were nearly complete at first but showed daily improve- 
ment, so that at the end of the second week the foot was well on the way 
to recovery. This was interesting, because of the fact that the circulation 
was restored and maintained in a leg and foot that had been cut off from 


nourishment for a sufficient length of time to cause some of the tissues to 





Fic. 10.—-Photomicrograph of the suture line in Fi 11 Photomicrograph showing the intima 
wall of iliac vessel (X25) headed; no thrombosis (100) 
be seriously damaged. On the fifteenth day postoperative, the patient 


died of other lesions. The aorta, iliac and femoral arteries were recovered 
(Figs. 8 and g). The vessels were all perfectly clear, with not the slightest 
sign of thrombosis or blood clot, either on the areas from which the emboli 
were removed or at the incisions. The latter were healed so perfectly that 
they could not be found on the intimal surface, except after a very careful 
search (Figs. 10 and 11). 

In four other cases of embolism, embolectomy was carried out success- 
fully, and by employing heparin the vessels remained clear, and palpable pul- 
sations in the peripheral arteries were restored and maintained. 

This is a field where, from experimental evidence as well as from the re- 
sults in a few clinical cases, it would appear probable that heparin can be 
of great assistance. Also, it might be worth while giving heparin in cases 
of embolism which are seen too late to have the embolus removed, in the 
: hope that heparin will prevent extension of the thrombus and clot, and in 
this way assist the other measures used in restoring collateral circulation. 

Splenectomy.—Based on the experimental evidence, five patients in the 
Toronto General Hospital have been treated with heparin following splenec- 
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tomy. Three were in cases of familial jaundice, which made uneventful re- 
coveries after operation, and are well now, more than one year later. In 
the other two, the spleen was removed to facilitate the operation of complete 
gastrectomy. One case 1s alive and well, the other died of general peritonitis. 
At autopsy, the systemic and portal vessels were examined and the patholo- 
gist reported no generalized thrombosis and fewer and less extensive thrombi 
than are usual in the stumps of the splenic and other vessels that have been 
ligated in the operative field. While these cases had no complications from 
thrombosis, it will be necessary to observe the effect of heparin on many 
more before conclusions can be drawn. 

Postoperative Pulmonary Embolism.—To date, 335 patients at the Toronto 
General Hospital have been given heparin. Except in the first nine cases, 
the 500 unit per mg. preparation has been employed, and with this there 
have been no toxic effects observed. The injection was given in each case 
in a superficial vein through an ordinary steel needle which stayed at the 
same spot in the same vein for periods varying from three to eight days 
without thrombophlebitis developing in a single vein. There has been no 
evidence of phlebitis or thrombosis with embolism developing during, or fol- 
lowing, the administration of heparin in any of these cases. 

In this group, there were 315 cases which received heparin postoperatively. 
These operations included all those performed in general and orthopedic 
surgery. While the incidence of pulmonary embolism is about one in 400 
operations, yet, when minor procedures such as transfusion, excisions of cysts 
and lipomata, efc., are eliminated, and some special groups of more major 
operations are considered, the figures are quite different. For example, in 
the Toronto General Hospital, 2.2 per cent of all operations of partial and 
complete gastrectomy died of pulmonary embolism; of resection of colon, 
3 per cent; of abdominoperineal resection of rectum, 6 per cent; of fractured 
neck of femur, 4.3 per cent; and of prostatectomy, 7.5 per cent, died of pul- 
monary embolism. 

The group of 315 postoperative cases receiving heparin includes many of 
these types of operation and in none has there been evidence of pulmonary 
embolism or thrombophlebitis. 

Pulmonary Embolism.—Sevenxcases of pulmonary embolism with infarcts 
varying in number from one to six in each case, arising from thrombophlebitis 
of the legs, were treated with heparin. All the cases showed rapid clinical 
improvement within 24 hours and had less pain in the legs and chest. AI- 
though several of the cases had recurring embolisms of serious proportions 
every few days, before the intravenous injection of heparin was started, no 
further embolisms, with one possible but not proven exception, occurred after 
the treatment was started. 

While the group of cases is too small to draw conclusions from, still it 
offers some hope that this method of treatment may be useful in such cases. 

Phlebitis—Twenty-eight cases of spontaneous thrombophlebitis, including 
several cases of phlebitis migrans, have been treated with heparin. There 
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has been no evidence of embolism in any of these and the clinical signs and 
symptoms, pain, swelling, tenderness and fever, appeared to show more 
rapid improvement than in a control group. 

The Time Heparin Is Started in Postoperative Cases—From the experi- 
mental and clinical experience, it has been proven, fairly conclusively, that 
heparin will not dissolve a blood clot or a thrombus, either in vivo or in vitro. 
From this evidence, it may be assumed that if the bleeding has been stopped 
at the time of operation, heparin will not start a hemorrhage. To obtain 
hemostasis, as in all good surgical technic, all the larger and medium sized 
vessels should be tied off, or sealed with a cautery, and the small vessels 
will look after themselves and will not be the source of a hematoma. It is pos- 
sible, however, that vessels which do not bleed when the patient is in shock 
may bleed with a rising blood pressure. If such a vessel is bleeding, heparin 
will certainly allow it to bleed more than it would do otherwise. 

For these reasons heparin is not administered for from four to 24 hours 
following operations, to allow the normal processes which control bleeding 
to operate. If there is any doubt about oozing or bleeding, the patient is 
not given heparin. 

Hematoma Following Administration of Heparin—With the above men- 
tioned precautions, only four cases developed hematomata postoperatively, 
while under the influence of heparin. The hemorrhage stopped when heparin 
was discontinued and all the patients recovered. 

Method of Administration—As there are no toxic effects, the patients 
in the wards have received general heparinization. The ordinary intravenous 
drip is used, and to the salt solution sufficient heparin is added to increase 
the clotting time of the patient to about 15 minutes. Usually, heparin is 
added in the proportion of 10 units of heparin to 1 ce. of saline; in the aver- 
age patient this should run at about 25 to 30 drops per minute. The rate, 
however, is adjusted, according to the effect on the clotting time, and this 
is estimated every few hours until the correct rate of injection can be deter- 
mined. Further details on this aspect of the subject have appeared in a 
recent publication.* 

The Time Heparin Is Discontinued.—The time thrombosis begins follow- 
ing operations is purely a matter of conjecture at present, but if stasis, changes 
in the composition of the blood and eddying play a part, the patient under 
anesthesia, with a lowered blood pressure, in shock, and in cramped positions 
on the operating table or in bed, is under ideal conditions for the initiation 
of the process. The methods of combating these conditions, as described by 
many writers, do a great deal in decreasing the incidence of embolism, and 
it is hoped that the remaining difficulties may be overcome by the use of 
heparin. 

The injection is discontinued when the patient has regained normal ac- 
tivity, 1.e., when the factors thought to contribute to the production of throm- 
bosis have ceased to act. This time has been reached when shock has passed 
and the blood pressure and circulation are normal; the incision has healed 
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and is not painful, so that deep respirations are possible; the patient feels 
well and energetic and moves about actively in bed and can do exercises ; 
distention is gone; the appetite has returned and the gastro-intestinal and 
urinary functions have returned to normal; the chest is clear and the tem- 
perature and pulse are normal. 

Selection of Cases.—lIt is hoped that the method of investigation, used by 
Bancroft and his coworkers,* will help in selecting those cases which are most 
likely to develop thrombosis. It is hoped that in these cases heparin, in ap 
propriate amounts, may prevent the formation of a thrombus and_ thereby 
prevent embolism. Before starting treatment, the blood clotting time, pro 
thrombin index, platelet count, bleeding time and the other ordinary blood 
analyses must be ascertained. 

Complications Resulting from Giving Heparin.—As there are no toxic 
effects, and hemorrhage need not occur if the proper precautions are taken, 
heparin may be given, in appropriate amounts, in any postoperative case. If, 
however, there is active hemorrhage, heparin should not be given. 

Indications for the Use of Heparin.—(1) Postoperative Cases.—A patient, 
in whom active thrombosis is detected either following an operation, or dur 
ing an illness, or who has had a pulmonary embolism, is probably in grave 
danger, and, in the light of our present knowledge, would probably benefit 
from the administration of heparin. Until the methods of detecting those 
cases likely to develop thrombosis are perfected, the group of postoperative 
cases likely to develop this complication should be treated. As this investiga 
tion is still in the experimental stage, further indications and limitations may 
be discovered. 

(2) Phlebitis, Embolism, Operations on Blood Vessels —\While our clin- 
ical experiences with the use of heparin are limited in these types of cases, 
the experimental evidence, especially in operations upon blood vessels, gives 
very strong support in favor of its value. In suturing of vessels, repair of 
aneurysms and arteriovenous fistulae, heparin may be of great assistance in 
obtaining good results. 

(3) Blood Transfusion.—In blood transfusion, heparin can be employed 
quite satisfactorily instead of citrate. To prevent coagulation, the donor 
may be heparinized, as Hedenius’® has shown, or heparin may be added to 
the blood as it is removed from the donor. It is useful also in removing 
blood for the ordinary laboratory tests where citrate or oxalate is commonly 
used. 

(4) Coronary Thrombosis and Cerebrovascular Thrombosis —Other pos- 
sible fields in which heparin might be useful, but which have not been explored, 
are coronary thrombosis and cerebrovascular thrombosis. While the adminis- 
tration of heparin could not remove the thrombus already present, it might 
prevent extension of the process. Extension, in both diseases, may be mani- 
fested in some cases by recurrent attacks or extension of the lesion within 
a few hours or days. It might have a useful role, also, in lateral and cavern- 
ous sinus thrombosis and in progressive thrombosis ou heart valves. 
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CONCLUSIONS 


(1) Heparin in its purified form is nontoxic, both experimentally and in 
human beings. 

2) In lesions where intravascular clotting is a problem, heparin may be 
useful. 

(3) Experimentally, heparin will prevent thrombosis in blood vessels; 
clinical results thus far obtained do not contradict this conclusion. 

(4) As all this work is in the experimental stage, final conclusions can 

not as yet be drawn. 
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Discussron.—Dr. FREDERIC W. BANCRoFT (New York, N. Y.): Tamim 
pressed with the marvelous work that has been done by Doctor Gallie and his 
group in the use of heparin as an anticoagulant. There is no doubt that anti 
coagulants are an adjuvant in the treatment of thrombosis and embolism. 

In discussing thrombosis and embolism, the physical factors of trauma, 
venous stasis, dehydration and infection enter into every case, and the blood 
clotting factors of the individual are a secondary cause. Therefore, one must 
focus one’s attention upon preventing the physical factors. Nevertheless, it 
is obvious that some patients are more susceptible to thrombosis and em 
bolism than are others, and it is this type of case that we must guard against. 
Doctor Homans has very truly said that the prevention of thrombosis and 
embolism is gunning for the hundredth case. The criticism has been brought 
against Doctor Stanley-Brown’s and my previous reports of our prophylactic 
therapy for thrombosis and embolism, that we had not given analyses of the 
types of cases that we have treated that might be susceptible to embolism; 
i so I should like to just briefly review 1,646 consecutive cases which we had 
; studied by means of the plasma clotting index and the fibrinogen test which 
' we presented to this Society a year ago, and which we have treated by the 
prophylactic regimen we described. We have included in this list the types 
of cases we felt were susceptible to thrombosis and embolism. As you have 
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seen by the figures presented by Doctor Gallie’s group, these varied from 2 

to 6 per cent in the Toronto Hospital series, before they had started the 
use of heparin. 

In the analysis of our cases, about 14 per cent showed high blood clotting 
indices, and all of the accidents reported were in this group. It so happens, 
however, that the four deaths from embolism were cases in which we had 
had the blood clotting factors but had not put on prophylactic treatment. In 
the series that we had placed on prophylactic treatment, no accident occurred. 
This may sound strange, but where one has continued the study of cases for 
a number of years, every now and then the analysis of the blood clotting 
factors will be overlooked in the study of a patient and, therefore, if he has 
a high clotting index, prophylactic therapy may not be instituted. In one 
of our cases, for instance, of phlebitis, the patient was a young woman, age 
21, who had had an appendicectomy and freeing of adhesions about the 
ascending colon. It was noted on her fifth postoperative day that her clotting 
factors were high, and this was again noted on the ninth day, but she seemed 
to be doing so well that she was not given sodium thiosulphate or placed on 
a diet. On the eleventh postoperative day she developed phlebitis in her 
left femoral vein. 

The following tables I believe are self-explanatory: 

PERCENTAGE OF THROMBI AND EMBOLI ACCORDING TO DISEASES+ 
TESTED CASEs* 
Fifth Avenue Hospital Series 


No. of Per- Per- 
Diseases Cases Phlebitis centage Emboli centage 
Appendices...... , 398 1 Phlebitis 0.2 1 Embolus, nonfatal 
1 Embolus, fatal O-5 
Herniae...... em 1 Phlebitis 0.5 1 Embolus, fatal 0.5 
Gallbladders..... Mises 142 1 Phlebitis o:7 1 Coronary throm- ® 
bosis, fatal -s 
Hysterectomies for fibroids 121 1 Phlebitis 0.8 oO 
Stomach resections for ul- 
ap Ch 43 1 Phlebitis 2.0 oO 
OE 25 1 Phlebitis 4.0 oO 
Perineal plastics... .. 87 1 Phlebitis 1.0 oO 
Salpingectomy, oophorec- 
SIE ae ieee 110 O O 
D & C, for bleeding. 102 oO oO 
pe <.. aaae oO oO 
Breast lesions... .. Jena 29 10 re) 
US ae 86 oO oO 
Gastrectomy for Ca. of 
SAONEROUS............ 15 O oO 
Hemorrhoids........ Sen oO oO 
DIS ied oo dak has dia 20 oO oO 
Colon and rectum, resec- 
SS eer cick so sass 29 9) Oo 
SUCTION 5 55 eee coe 63 O O 
Miscellaneous: 
Fractures 
Varicose veins 
Tumors were O Oo 
Tuberculosis 


Pelvic peritonitis | 
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Number 2 USE OF HEPARIN IN THROMBOSIS 
Presbyterian Hospital Series 

g20 cases tested 

12 per cent showed high indices 

Only 46 per cent of these received prophylactic treatment 

No accidents in treated group 

Nine accidents in untreated group 

Two of these unrecognized as only fibrinogen was high 

Control service had 12 accidents 


New York Hospital Series 
575 cases tested 
13 per cent showed high indices 
Only 49 per cent of high were treated 
Treated group: One treated case had a nonfatal pulmonary infarction on the fourteenth day 
Untreated group: One fatal embolism. One nonfatal embolism 
Contro! service: Two emboli 


1 


+ All accidents occurred in the high index group but had not received prophylacti 
treatment. 


* 12 to 14 per cent of tested cases showed high indices. 


The summary of the above 1,646 cases shows that there were three fatal 
accidents from embolism and one nonfatal, or approximately .02 per cent. 
There were six cases of phlebitis, or approximately .04 per cent. The tabula- 
tion of the results at the New York Hospital and at the Cornell Clinic shows 
the results of their treatment, but which we have not analyzed fully, as yet, 
as to the series of cases. 

Our prophylactic regimen on a patient showing high clotting factors is to 
give intravenously for several days 10 cc. of a 10 per cent solution of sodium 
thiosulphate, to increase fluids by mouth, and to restrict the fats and carbo- 
hydrates in the diet. 

On analyzing the results of the work of Doctors Murray and Best with 
heparin, and ours with sodium thiosulphate, I feel that we are not as far 
apart as one might believe. It is very possible that sodium thiosulphate has 
a definite effect in helping the liver liberate heparin, as we know that sul- 
phur compounds can do this. We have of course no proof of this theory. 

Diet, we feel, is very definitely a factor. A high protein, high fat diet 
does increase the percentage of people who are subject to embolus, and a 
diet low in proteins and fats will diminish the clotting factors, as we have 
been able to show in both dogs and humans. 

Finally, in summarizing the advantages of Doctor Murray’s and Doctor 
Best’s treatment, they have been able to perform arterial suture and em- 
bolectomy by employing a method that will open up an entirely new field 
in surgery, and the future will show what a great advance this is. They 
have also been able to show very much better results than we have in the 
treatment of thrombosis and embolism after the initiation of the disease. 
We have been able to abort cases of early phlebitis, but we have had very 
few good results after it has existed for over 48 hours. Doctor Murray has 
shown us where they have had cures of phlebitis after it has persisted for a 
considerable period of time. 

The disadvantage, it seems to me, of their procedure is that heparin has 
a very short duration of action, and, therefore, a continuous intravenous 


administration has to be kept up from 72 to 120 hours. At present, the 
average expense per patient amounts to about $80, which does not entirely 
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include the discomfort to the patient and the increased nursing cost in giving 
a continuous intravenous administration over this long period. 

During the period since 1928 that we have been studying thrombosis and 
embolism, we have made blood determinations on over 8,000 cases and are 
convinced that our tests are, in general, an accurate analysis of the clotting 
tendencies of an individual. We have had only one case of multiple em- 
bolism, which was operated upon in another hospital, and which had low 
clotting factors. With this exception all of the accidents we have examined 
are in the high blood clotting group. It is true that 12 per cent of post- 
operative cases show high clotting factors and that only about 1 per cent 
of the 12 per cent demonstrate an accident. Nevertheless, a large percentage 
of these cases run a higher elevation of temperature than is normal and may 
be potential thrombosis or embolism cases. 

We believe, therefore, that an analysis of the clotting factors gives us the 
group in which accidents are apt to occur and that at the present time it is 
much cheaper to treat these cases prophylactically by sodium thiosulphate 
than it is with heparin. 

We believe that after thrombosis or embolism has occurred, the employ 
ment of heparin is far superior to sodium thiosulphate. 

It is interesting to note that a number of medical groups have been 
treating coronary thrombosis by sodium thiosulphate and that the physicians 
who have been carrying out this procedure feel that their cases have done 
much better than they did by other methods of treatment. It is too early to 
place any definite reliance on this procedure. The cases of coronary throm- 
bosis that we have studied have all had high clotting factors. 


Dr. Howarp LitientHat (New York, N. Y.): The only reason that | 
am discussing this paper is that I asked Doctor Gallie if I might do so. Had 
I known just what the paper was going to be, I never would have been so 
forward. I was interested, not so much in heparin, as in the general object 
which was attained by this group. This is a tremendous advance. Synthetic 
heparin will be the next step in progress. 

I am particularly interested in this question from the standpoint of therapy 
by means of leeches and their hirudin, which accomplishes the same result. | 
remember when leeches were used for bloodletting from inflamed regions, to 
great advantage. But I think the treatment would have done more good, if, 
after the leech had filled himself full of blood and dropped off, the leech-bite 
had not been permitted to bleed but had been stopped so as to leave the 
hirudine in the patient. In all probability the good that the leeches did was 
to get rid of a certain amount of the local thrombosis which occurred in the 
infected tissue. 

The French have been using leeches for a long time. In the memoirs of 
the French Academy of Medicine, for March, 1923, there are papers which 
are of interest. It has been suggested that there was danger of producing 
embolism from thrombophlebitic veins by using leeches. I do not believe 
that this is likely to happen. 

I have used leeches for a long time, and I have obtained. absolutely amaz- 
ing results. I had two cases of saphenous phlebitis, first one side and then 
the other, following prostatectomy, the thrombophlebitis extending into the 
femoral vein. The patient, years ago, had had the same type of infection 
and had been in bed for nearly six months. This time, he was out of bed 
three days after I had treated him by means of leeches. Then, about ten days 
later, the same condition appeared in the other leg, and leeches were again 
employed with the same result. The man has remained well for the past 
eight months. 
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A friend of mine, a doctor in New York, had thrombophlebitis recently 
in the left leg. I suggested leeches and his doctor said, “Oh, that won’t do 
any good,” and he advised continuing only bed rest. I met the doctor at a 
medical meeting only three or four days ago, looking perfectly well, and I 
said, “Too bad you didn’t use leeches.” “Oh,” he said, “I did use leeches 
and I was out of bed and well in two weeks.” If he had used heparin, he 
probably would have recovered just as quickly and, of course, heparin has 
the advantage over hirudine in that it has now been made available, whereas, 
hirudine still has not been supplied commercially. 

Dr. Arthur Master, not long ago, read a paper on coronary thrombosis 
in which he showed that this disease is very common—more so than most 
surgeons are apt to believe—after operations of any kind. I believe that 
here heparin would be valuable. This was hinted at in today’s communica- 
tion, and I think the treatment ought to be used as a routine. 

There is only one other point that [ want to make. I was talking with 
Dr. Carl Koller, the discoverer of the anesthetic value of cocaine, and I men- 
tioned this action of leeches, not at the time knowing about heparin. “Oh,” 
he said, “that’s fine; I’m going to use it in the next case of central retinal 
embolism that I get.” I believe that if it is used immediately, it may save 
the sight of the eye. 

Of course, heparin is not yet generally obtainable, but it soon will be. 
In the meantime, I certainly would recommend, in any case of angina where 
the disease is supposed to be due to thrombosis, that leeches should be ap- 
plied. You can use as many as ten or 15. They do not need to be put on 
near the heart. 


Dr. Mont R. Reip (Cincinnati, Ohio): I rise only to confirm the great 
value in the use of heparin in experimental work and also to answer the 
question I know must have occurred to Doctors Gallie and Murray as to 
how one could keep our experimental arteriovenous fistulae open and make 
any worthwhile studies. 

The observations we made upon fistulae between the aorta and vena cava 
would have been absolutely impossible without the use of heparin. As it was, 
we could prevent any clotting at all in that type of fistulae for four or five 
hours, or longer, if we had wanted to continue the experiments. 
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THE term traumatic shock is ordinarily used to indicate the state of cir- 
culatory collapse which follows injury, and is characterized by an actual 
decrease in the circulating blood volume.’ 2) The mechanism of this reduction 
in blood volume is not entirely understood but is, for the most part, the re- 
sult of obvious and concealed bleeding at the site of injury plus an excessive 
loss of blood plasma in the traumatized tissue.**" Thus traumatic shock dif- 
fers from the shock due to acute hemorrhage where the fluid loss is mainly 
whole blood, and from that associated with burns or intestinal manipulation 
where it is essentially blood plasma depletion. The treatment of these three 
types is based on the restoration of the depleted blood volume, but the prob- 
lem presented by a patient who has had an acute hemorrhage is vastly dif- 
ferent from one with extensive contused wounds or following severe burns. 
One reason for this difference is found in the excessive loss of plasma which 
traumatic shock and that due to burns have in common. 

Following an acute hemorrhage, the blood volume is diminished by an 
actual loss of whole blood and the patient will show the typical signs of cir- 
culatory collapse. If the bleeding is controlled before the amount of blood 
loss is too great, the body will tend to build up the depleted volume by draw- 
ing fluid from the tissue spaces into the circulation. This process tends to 
increase the blood volume and with the intravenous injection of saline, the 
volume can be restored to within normal limits. If the same picture of col- 
lapse results several hours following a contused wound, the problem becomes 
more complicated. There is the same reduction of the blood volume, but 
there has also been a greater loss of plasma than of the cellular elements 
from the blood stream.**: ” 
increase in the permeability of the small peripheral vessels. The addition 


This loss of plasma is thought to be due to an 


of saline in this instance will dilute the remaining protein and thus lower 
its osmotic pressure. This reduction of the osomotic pressure will result 
in further fluid loss from the blood stream and consequently the saline 
is of only temporary value. The treatment of this condition demands the 
addition of protein to increase the colloid osmotic pressure of the blood. 

The transfusion of whole blood has been found to be the most satisfac- 
tory method of restoring the plasma proteins, the blood volume and in the 
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case of hemorrhage, the depleted cells. However, there are two tangible dis- 
advantages in the use of whole blood. This first is its availability. Donors 
may not be readily available when necessary for emergency use and the 
preparations for transfusion are, at best, time consuming. These difficulties 
have been partially overcome by the use of blood banks and donor bureaus. 
However, whole blood can be preserved for only a limited time and the 
dangers of transfusion reactions from preserved blood which has hemolyzed 
are always present. The second disadvantage is best exemplified in shock due 
to burns when there is excessive loss of plasma and concentration of the 
blood. In this case, the addition of whole blood adds to the already in- 
creased viscosity by increasing the volume of red cells. 

The use of blood plasma would overcome these disadvantages in cer- 
tain cases. A method of preserving plasma for extended periods of time 
has been described by Flosdorf and Mudd.* Their method depends on the 
rapid dehydration of the serum or plasma in the frozen state under a high 
vaccum. In this manner, the material can be dried and preserved, and when 
rediluted, retains its original biologic and chemical characteristics. This pro- 
cedure would make possible the preservation of large amounts of plasma 
for use in the emergency treatment of shock. Theoretically, it is of most 
value in those types not associated with gross hemorrhage, but its efficacy 
can only be determined by experimental and clinical use. 

The importance of the loss of plasma in experimental shock has been 
demonstrated by Blalock.‘ He has shown that dogs do not tolerate the 
loss of plasma as well as the loss of proportionate amounts of whole blood, 
and that with hemorrhage into tissues following trauma, there is a con- 
tinued loss of plasma after the acute bleeding subsides. There is also experi- 
mental evidence supporting the use of plasma in the treatment of shock. 
Mann*® and Harkins” have shown that the intravenous use of serum and 
plasma is an efficient method of treating experimental shock in which hemor- 
rhage is not a major factor. The injection of plasma in treating the shock 
due to burns restores the protein which has been lost and does not in- 
crease the viscosity of the blood. Colloidal solutions of gelatin and gum 
acacia have been used as substitutes for plasma to increase the colloid osmotic 
pressure of the blood.. Gum acacia has been used most frequently, and 
Erlanger and Gasser’®*:" have demonstrated its value in experimental shock. 
The clinical use of acacia has been attended by some untoward reactions,!! 
but it is probably the most satisfactory substitute for whole blood or plasma. 

In order to determine the advisability of using dried plasma in the treat- 
ment of shock, two factors must be investigated. First, does the lyophile 
process change the characteristics .of the plasma? Bond and Wright!? have 
demonstrated that it is not ch@hged and have also shown that the preserved 
plasma is of value in treating experimental hemorrhage. Second, in what 
types of shock will the plasma be most efficient? During the past year the 
following experiments have been devised in our laboratory to test its effec- 
tiveness in experimental shock with and without hemorrhage, and to com- 
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pare the dried plasma with the other commonly used intravenous fluids. The 
first method was to cool the peritoneal surface of dogs. In this manner 
the typical syndrome of shock can be reproduced without any significant 
hemorrhage. The second method was traumatization of an extremity similar 
to that used by many investigators.': + !° The shock produced by this method 
is associated with considerable hemorrhage into the extremities. The changes 
in the plasma proteins and the blood volume were considered of prime im- 
portance in evaluating the type of shock produced. 

A large amount of experimental work has been done in an effort to 
determine the physiologic mechanism involved in the blood volume reduction 
of shock. A few of the outstanding contributions will be reviewed but no 
attempt made to summarize the entire literature on the subject. The theory 
of traumatic toxemia was expounded by Cannon in his monograph entitled 
Traumatic Shock.t. This, in brief, is that a histamine-like toxin is elabo- 
rated from traumatized tissue which produces dilatation and an increase in 
the permeability of capillary walls. This permits transudation of plasma 
from the blood stream with the resulting diminution in the total blood 
volume. Cannon produced shock by traumatizing the extremities of animals, 
but was unable to account for the decrease in total blood volume by the 
local loss of fluid at the site of injury. His theory was the accepted con- 
cept of shock until Blalock? and Phemister'*® were able to account for the 
decrease in blood volume by local fluid losses in traumatized extremities. 
They recognized that the extravasated fluid extended along fascial planes 
into the groin and retroperitoneal tissues. In their experiments, they weighed 
the entire lower quarters of the animals and could thus account for the en- 
tire fluid loss on the traumatized side. They were unable to demonstrate a 
circulating toxic agent in the blood stream following trauma, so could not 
support Cannon’s theory. 

The role of the sympathetic nervous system in shock is important. In 
1917, Guthrie’? had noted that section of the nerves to the leg of a normal 
animal produced an increase in the blood flow from the extremity of 22 per 
cent; in a shocked animal, an increase of 76 per cent. Erlanger and Gas- 


tee, 4 noted marked vasoconstriction resulting from intestinal manipulation. 


ser 
They also produced shock in dogs by repeated injections of adrenalin. Rap- 
port’® has also found hyperactivity of adrenal function in experimental shock. 
Freeman’® 
nervous system can, in itself, produce a diminution in the blood volume. Re- 
18 


17 has demonstrated that prolonged overactivity of the sympathetic 
cent work by O’Shaugnessy and Slome!® tends to indict a combination of 
these last two factors as the underlying principle of traumatic shock. They 
suggest that the diminution in blood volume is due to an additive effect of 
local fluid loss plus sympathetic overactivity. The latter factor is pictured 
by Harrison’® as an intense generalized arteriolar spasm and anoxemia, 
which result in damage to the capillary walls causing an increase in their 
permeability and loss of plasma from the circulatory bed. 


Many investigators have shown that the plasma proteins become con- 
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centrated as the state of shock progresses, but little attention has been given 
to the albumin and globulin fractions of the plasma. Erlanger and Gasser'®* 
have produced shock by manipulating the intestines and found that fluid 
was lost through the serous surfaces. This fluid had the same albumin 
globulin ratio as the blood plasma. The fluid lost in the vesicles of burns 
corresponds in protein content to the plasma, but the ratio of its fractions 
has not, to our knowledge, been investigated. In the type of shock produced 
by peritoneal cooling there is a characteristic alteration of the albumin glob- 
ulin ratio, which adds further proof that at least a part of the depleted 
blood volume is due to an increased permeability of the capillaries. 

Metuops.—The general plan of the animal experiments was to study the 
shock produced in dogs and to determine the therapeutic effect of saline, 
gum acacia, whole blood and dissolved processed plasma when administered 
intravenously. The solutions were injected after the blood pressure had 
heen maintained at a level of 70 Mm. of mercury for one hour. The volume 
of fluid injected in each experiment corresponded to 10 to 15 per cent of 
the normal blood volume. The acacia was prepared in a 15 per cent solu- 
tion and the preserved plasma was dissolved to its original volume in saline 
just prior to the injection. The blood pressure and the general condition 
of the dogs were the criteria used in evaluating the response of each dog 
to the treatment. In the clinical study preserved plasma is substituted for 
whole blood in transfusing patients exhibiting definite signs of shock, re- 
sulting from trauma or from burns. The amount of plasma injected is 
equal to the protein content of a 500 cc. transfusion and is dissolved in 
saline to its original volume. In both animal and clinical use the plasma 
is obtained from citrated blood by centrifugalization. 

The processed plasma was prepared by the lyophile method of Flosdorf 
and Mudd,* which depends on the rapid dehydration of the frozen plasma 
in a high vacuum. The apparatus was constructed in our laboratory accord- 
ing to the plan outlined by them but was modified in minor details to meet 
our requirements (Fig. 1). The plasma was processed and preserved in 
one liter pyrex flasks which have a sufficient inside surface area to safely 
dry 300 cc. in each container. The vacuum was maintained in the bottles 
after the process was completed by compression of the rubber tubing with 
a beveled brass ring (Fig. 2). The freezing pans were so constructed that 
the vacuum could be developed while the containers were still in the freezing 
mixture. This was found to be of definite advantage when processing large 
volumes because it prevented thawing before the operating equilibrium of 
temperature and evaporation had been established. The human plasma for 
clinical use was prepared under sterile precautions and passed through a 
serkefeld filter immediately before processing. 

Two methods of producing experimental shock were used: (1) Cooling 
the peritoneal surfaces; and (2) trauma to an extremity. Healthy dogs were 
used in all experiments. In the first method the abdominal cavity was ex- 
posed under aseptic precautions and the peritoneal surfaces cooled by placing 
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cold saline packs between the folds of the mesentery. These were replaced 
as they became warmed and the procedure continued for one to one and 
one-half hours, depending on the size of the dog. The abdomen was then 
closed. At 15 minute intervals, blood pressure readings were taken by di- 
rect needle puncture of a femoral artery. The second method of inducing 
shock was traumatization of a posterior extremity as described by Blalock. 


| > a 








Fic. 1.—The modified “‘Lyophile” apparatus for preserving blood plasma. (A) Con- 

denser. (B) Insulated container for dry ice. (C) Vacuum gauge. (D) Three-way mani 

fold. (E) Rubber pressure tubing. (F) Pyrex containers. (G) Freezing pans. (H) 

Vacuum pump. 
In these experiments, continuous blood pressure readings were taken by 
means of a mercury manometer attached to a cannula in the carotid artery. 
The dogs were anesthetized by the intravenous administration of nembutal 
(.032 Gm. per Kg. body weight), which gives satisfactory anesthesia for 
three to five hours. No untoward reactions to this anesthetic were noted 
in these experiments. The pulse, blood pressure and respirations remained 
well within normal limits when no shocking procedure was carried out. 
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Blood samples were removed from a femoral or jugular vein using 
extreme care to avoid venastasis; and the blood was collected into 12 ce. 
graduated centrifuge tubes containing 2 cc. of 1.6 per cent sodium oxalate 
solution. The blood was centrifuged at 3,000 r.p.m. for 35 minutes, and the 
hematocrits read directly, deducting 0.5 cc. for the volume of white cells. 
The plasma volume was determined by the brilliant vital red dye method of 
Hooper, Belt, Smith and Whipple.*° The total protein was determined 
by the macrokjeldahl method as described by Peters and Van Slyke,”! using 
I cc. aliquots and collecting the ammonia in saturated boric acid solution. 
The albumin was precipitated by the method of Campbell and Hanna,?? using 
21 per cent sodium sulphite solution at room temperature and the nitrogen 
determined by the macrokjeldahl procedure. All samples were checked in 
duplicate and repeated if the error was greater than one part in 60. The 
total circulating protein, albumin and globulin figures are the product of 
their respective concentrations and the total plasma volume. The circula 


tion time was determined by the NaCn method of Robb and Weiss.?* 





Fic. 2.—The pyrex bottle containing preserved plasma and sealed with the beveled brass 
ring. (A) Preserved plasma. (B) Compressed brass ring. 


The above blood studies were done routinely on the dogs for several 
successive days prior to the experiments to establish the average normal 
values of each dog. The blood values in shock were determined after the 


70 Mm. of. mercury for at least one- 


blood pressure had been at a level of 7 


half hour. It was considered advisable to determine the therapeutic re- 
sponse to the solutions at a level of shock which did not preclude survival 
of the animal. In this way, the effect of administration of each solution 
could be tested on the same dog, whose control response was known, and 
a better comparison of the therapeutic action was possible. At a_ blood 
pressure level of 70 Mm. of mercury, the process is usually reversible in 
shock produced by peritoneal cooling, but is irreversible in that produced 
by trauma to an extremity, and such animals usually die. For this reason 
the blood pressure was maintained at 70 Mm. of mercury for one hour 
before injecting the solutions. The degree of shock was finally determined 
by blood volume studies as well as by the level of the blood pressure. This 
combination affords the most reliable criterion of the depth of shock. 
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SHocK PropucepD By PERITONEAL CooLING.—The response of the dogs 


X 
the degree of shock produced could be controlled by varying the duration 


cooling the peritoneum was quite constant, and with a little experience, 


and intensity of the cooling. The pulse pressure declined (Fig. 3) and the 
pulse rate increased shortly after the cooling was begun, but the blood 
pressure did not decline for one-half hour. The abdomen was closed at 
the end of one to one and one-half hours, and with no further interference, 
the blood pressure continued to fall. This decline continued for three to 
four hours, when the lowest point was usually reached, and the pressure 
then remained quite constant at a level of 60 to 70 Mm. of mercury for 
eight to ten hours. At this level of blood pressure the pulse was rapid, 
thready and irregular, the pulse pressure was greatly reduced, and the periph- 
eral veins collapsed. The circulation time was 20 seconds compared with 
the average normal of ten seconds. The extremities were cool, the rectal 
temperature was two degrees to three degrees below normal and the mucous 
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Fic. 3.—Dog. No. 676. Pulse pressure in shock. 


Before trauma. Half hour after trauma. 
B.P. normal. B.P. still normal 
Pulse pressure 12 Mm. Hg. Pulse pressure 4 Mm. Hg. 


membranes very pale. If the dogs survived they reacted very slowly from 
the anesthesia and the blood pressure gradually returned to normal within 
the next 24 hours. During this period, the animal was apathetic, semi- 
comatose and frequently nauseated. The normal state of animals was not 
regained for several days. However, after this period, no deleterious effects 
of the shocking procedure were evident. 

The gross changes in the appearance of the peritoneal surface were quite 
constant. The veins of the mesentery were at first moderately engorged, 
and with the development of deep shock, became reduced in caliber. Small 
petechiae developed in the mesentery but did not appear to constitute a sig- 
nificant amount of blood loss. The small bowel was very contracted and 
peristalsis was quite active. The spleen did not slow any gross change. At 
autopsy, the lungs were not edematous and no edema was noted in the ex- 
tremities. There was no free blood noted in the intestinal lumen, the mu- 
cosa was only moderately congested, and there was no excess peritoneal 
fluid. 

The results of the blood studies on six dogs are recorded in Table I. 
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TABLI 
SHOCK PRODUCED BY PERITONEAL COOLING 
A Comparison of the Normal Blood Values with the Values in Shock for a Series of Six Dogs 


Blood Volume d Protein Concentration Total Total Total Red 
Circulating Circulating Circulating Cell 
Total Plasma : Albumin Globulin Protein Albumin Globulin Hematocrit 
cc. cc. % % Gm. Gm. Gm. : 
Dog No. 672 Wt. 13 Kg. 
in fey a2) ee ene 995 i854 29.4 oO > Be 
Shock B.P. 70 Mm. Hg. 715 . 2.00 24 Tia 
Dog. No. 676 Wt. 10.7 Kg. 
erie: | aes eae 1,086 f 37 
Shock B.P. 70 Mm. Hg. 740 26 
Dog No. 679 Wt. 22 Kg. 
fora, [A ae ae anes 2,080 5 
Shock B.P. 70 Mm. Hg. 1,500 38 
Dog No. 682 Wt. 17 Kg. 
INOPIVIGL « s.s::-< 0 1-as 1,285 
Shock B.P. 70 Mm. Hg. 970 
Dog No. 690 Wt. 15 Kg. 
Normal. 
Shock B.P. 
Dog No. 741 
Normal ! 4 
Shock B.P. im. : 4.0 
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SHOCK PRODUCED BY TRAUMA TO AN EXTREMITY 
The Changes in Blood Values Following Trauma 


1d Volume Blood Protein Concentration Total Red 
Circulating Cell 
Plasma Albumin Globulin Protein Hematocrit 
4 As 


) 
cc. / q Gm. 


SHOCK 


Dog No. 728 Wt. 21 Kg. 
Normal... me 1,380 
One Hour. 
Two Hours. 
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Four Hours 1,380 
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These dogs were subjected to the shocking procedure a total of 42 times, 
and the results in each dog were comparable. There was a uniform de- 
crease in the blood and plasma volumes in all of the experiments. The 
total blood volume was decreased approximately 25 per cent below the normal 
volume, but there was a greater loss of plasma than of red cells and the 
hematocrit was increased. The amount of plasma lost was equal to 15 per 
cent, and the red cells 10 per cent, of the normal blood volume. The con- 
centration of the circulating plasma protein was uniformly increased and 
the change in the albumin-globulin relation was very definite. In every 
instance the concentration of the globulin in shock was increased in a greater 


proportion than the concentration of the albumin. The reason for this be- 





SHOCK PRODUCED BY PERITONEAL COOLING 


DOG 676 WT. 12 KG 


150 a : 














x LEGEND 
2s Yo @—e@ NO TREATMENT 
© : O--0 SALINE INJECTION | 
\\ —xX ACACIA 
\ 4 
= 100 ko y gz 
: a 





a i 


IN 
7 
jf 
4 
«50 cc 




















75 . 

w >><0 

o / 

= O< 

a rs) 
33 

o 25 F 

° 

3 

a 

0 2 >) (64 Ss 6 7 6 9 
TIME IN HOURS 
GraPH 1.—A comparison of the blood pressure response without treatment and with the 


injection of saline and gum acacia (15 per cent solution). 


comes evident when the total amounts of albumin and globulin, which con- 
stitute the total protein, are calculated separately. Although there was an 
increased concentration of protein, the total circulating amount was markedly 
reduced as a result of the decreased plasma volume. The albumin con- 
stituted the major portion of this total protein loss while the total cir- 
culating globulin was only slightly affected. In fact the loss of albumin 
averaged more than five times the loss of globulin. This, accounts for the 
increased concentration of the globulin. 

The solutions used in treating this type of shock were saline, gum acacia, 
whole blood and preserved plasma. Each of these solutions was tested on 
each of the dogs listed in Table I, and in most instances, check experiments 
were performed on each dog (42 experiments). The blood pressure re- 
sponses of dogs No. 676 and No. 672 are recorded for each therapeutic 


agent as they are typical of the results obtained with this series of dogs. 


186 














ca alarhns 


SOA OEM DEH 

















Volume 108 
Number 2 


SHOCK TREATED BY PRESERVED PLASMA 


Saline and Acacia.—The response to saline and to gum acacia is shown 
by Graph I. The rise in blood pressure was temporary with both solutions 
and the ultimate course of the shocked animal was not influenced by the 
injections. There was no improvement in the pulse rate and no lasting 
evidence of circulatory stabilization. Acacia had a slightly more beneficial 
effect than saline because the dogs reacted from the anesthesia sooner and 
there was an earlier rise in the rectal temperature. All the dogs ultimately 
survived but showed anorexia and apathy for several days. Graph II in 
dicates that repeated injections of acacia did not alter the ultimate course 
of this type of shock. 

Whole Blood —(Graphs III and IV.) The blood pressure response to 
the injection of whole blood was more lasting than with either saline or 
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GRAPH 2.—The blood pressure response to repeated injections of acacia. 


acacia. In all the experiments except one, there was a gradual return of 
the blood pressure to normal and the animals soon regained consciousness. 
The pulse became regular, the peripheral veins filled with blood and all the 
signs of shock subsided. Only dog No. 676 showed a temporary response 
to whole blood, but the blood volume determination in this dog indicated 
that the degree of shock was more profound than in the other experiments, 
Lé., a 35 per cent decrease of the blood volume. 

Preserved Plasma.—(Graphs III and IV.) The ultimate result of in- 
jecting dissolved, processed plasma was the same as with the injection of 
whole blood, but the elevation in blood pressure was more prompt and 
the improvement in the general condition of the dog was more striking. 
The blood pressure returned to normal within one-half hour after the in- 
jection of the plasma and remained stabilized. The dogs regained conscious- 
ness, the body temperature returned to normal and the mucous membranes 
187 








regained their normal color within one hour. 
was in an experiment on dog No. 676. 
falling rapidly and the degree of shock was very profound, as indicated by 
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GraPH 4.—A comparison of the blood pressure response without treatment and with the 


injection of whole blood and preserved plasma. 


the extremely low blood volume. The blood pressure response in this experi- 


ment was not as prompt but the animal survived. 


The effects of repeated 


injections of saline and of processed plasma following the saline are con- 
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: trasted in Graph V. The processed plasma caused a rapid return to normal, 
whereas a second injection of saline had only a temporary effect on the 
blood pressure. There was no evidence noted of any untoward reaction to 


the processed plasma and all of the animals received repeated injections. 
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GRAPH 5.—-The blood pressure response to preserved plasma in very profound shock and 
a comparison of saline and preserved plasma in the same experiment. 
TABLE II] 
i . BLOOD VOLUME IN TRAUMATIC SHOCK 
The Decrease in Blood Volume Which Occurs Prior to the 
Decrease in Blood Pressure 
Blood Volume Plasma Volume 
NOTED: <.5.008 6c 1890 765 
One hour following trauma, blood 
pressure still normal 1400 555 
TRAUMA TO AN ExtreMity.—( Table II, Graph VI.) The type of shock 


produced by this method differed in several respects from that produced by 
cooling the peritoneal cavity. The proportion of red cells and plasma lost 
from the circulation was about equal, which indicated that trauma to an 
extremity was more nearly comparable to the effects of hemorrhage. The 
plasma proteins and hematocrit were not concentrated. The total circulating 
albumin and globulin were decreased in amounts equal to their normal pro- 
portion in the circulating plasma. This observation is in striking contrast 
to that in shock resulting from cooling the peritoneum where the protein 
loss was preponderantly albumin. The blood pressure response to the in- 
jection of processed plasma was only temporary. In one experiment the 
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dog survived, but with all others the blood pressure increased temporarily 
and then steadily declined until exitus occurred. 

In both types of experimental shock the blood volume began to decline 
before there was any change in the arterial blood pressure (Table III). 
The animals showed all the signs of impending shock, such as the in- 
creased pulse rate and decreased pulse pressure, but the blood pressure 
was still normal. However, when the blood pressure did begin to de- 
crease, there was a steady decline until the animal was in profound shock. 

Clinical Observations —The dissolved, processed plasma has been utilized 
in treating patients who were in profound shock resulting from burns and 
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GrarH 6.—The blood pressure response to the injection of preserved plasma. 


from trauma. The number of cases are thus far limited, but the results 
have been decidedly encouraging, especially with burns. The clinical study 
will be the subject of a future publication. 

Discussion.—The evidence indicates that whole blood and plasma are 
superior to either saline or acacia ‘in treating experimental shock and this is 
in accord with the observations of other authors. In shock produced by 
cooling the peritoneum, blood plasma is more efficient than whole blood in 
restoring the normal circulatory conditions. The only obvious explanation 
for this greater efficiency lies in the excessive loss of plasma in this type 
of shock. The plasma injections restore the protein which has been lost 
from the blood stream in a readily available form. Theoretically the in- 
jection of albumin alone would be of greater value, but this is at present 
impossible. 

The type of shock encountered in patients cannot be completely re- 
produced in experimental animals, and it is hazardous to draw clinical 
impressions from experimental evidence. However, there are certain types 
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of clinical shock which seem quite similar to the shock produced in dogs by 
cooling the peritoneum. The shock produced as a result of extensive burns 
is due largely to plasma loss into the burned areas and plasma injections 
should be most efficacious in this condition. Also the shock produced in 
operations in the peritoneal cavity, where there has been very little blood 
loss, is probably comparable to this condition. There is frequently profound 
shock associated with gun-shot wounds of the abdomen in which there has 
been intestinal perforation but very minor hemorrhage. These last two con- 
ditions will probably be favorably effected by the injection of plasma. 

One of the greatest advantages of the preserved plasma 1s its immedi- 
ate availability for emergency use. The effect of plasma on shock resulting 
from trauma and hemorrhage is transitory, but in spite of this it may well 
have a definite place in the treatment of these conditions. If the plasma can 
be used to maintain the blood pressure until the whole blood is available, it 
will be of unquestionable value. The use of saline in profound shock is gen- 
erally considered dangerous as it may tend to wash protein out of the 
blood stream into the tissue spaces. The use of plasma will prevent this 
danger. 

The mechanism underlying the reduction of the blood volume resulting 
from cooling the peritoneum, invites speculation and the excessive loss of 
albumin from the blood offers a plausible explanation. The albumin molecule 
is smaller than the globulin and the average amount of albumin lost is five 
times greater than that of globulin. The greater proportionate loss of the 
smaller molecules indicates that there is an increased permeability of the 
capillaries. This is probably a local process confined to the peritoneal cavity 
where the capillaries are not accustomed to gross changes in temperature. 
The effect of the exposure to cold is to damage the capillary walls and thus 
increase their permeability. This process is not comparable to that in shock 
resulting from trauma to an extremity, because in this type the albumin and 
globulin are Jost in the same proportion as their concentration in the blood. 

The latent period between the beginning decline in the blood volume and 
the fall in arterial pressure warrants emphasis. The blood pressure will 
be maintained by vasoconstriction even after a considerable fall in blood 
volume, but will fall rapidly when the vasomotor system is no longer able 
to compensate for the depleted volume. This explains the picture of the 
patient who is still in apparently good condition several hours following in- 
jury but rapidly develops circulatory collapse. The early decline in pulse 
pressure should be stressed clinically in recognizing impending shock. 

We do not feel justified in drawing any conclusions from our limited 
clinical experience. However, the preserved plasma has been used with ap- 
parently satisfactory results in shock resulting from burns and from trauma. 
Its ultimate value can be determined only by extensive clinical application. 
The hemagglutinins are preserved in the processed product and, at present, 
it is considered advisable to use only compatible types. The dissolved plasma 
should always be cross-matched with the recipient’s cells, preferably by 
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the Coca compatibility test for direct matching.*! We have not seen any 
untoward reactions to the injection of the dissolved, processed plasma. 
CONCLUSIONS 
(1) Experimental shock was produced by cooling the peritoneal cavity 
of dogs. In this type of shock there is an excessive loss of plasma protein 
from the circulating blood, and albumin constitutes the major portion of this 
loss. 

(2) Preserved plasma was compared with whole blood, saline and acacia 
in the treatment of this type of shock. The plasma was found to be the most 
efficient therapeutic agent in restoring the normal blood pressure. 

(3) Plasma was more efficient in treating experimental shock associated 
with excessive plasma loss than in treating that due to trauma to an extremity. 

(4) Limited clinical experience indicates that the use of preserved plasma 
will be of value in the emergency treatment of shock. 
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THE OPERATIVE TREATMENT OF COMMUNICATING 
HYDROCEPHALUS 
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THERE can, I think, no longer be any doubt concerning the underlying 





causes of hydrocephalus, nor can there be any instances where the cause of 






the hydrocephalus cannot be unequivocally demonstrated. The underlying 






lesions vary greatly in character, but with those rare exceptions where fluid 






is overproduced, all cause the same effect: namely, an obstruction to some 






part of the system through which the cerebrospinal fluid circulates. The 






obstruction prevents the fluid from reaching that part of the system where 





most of the absorption occurs: namely, the subarachnoid spaces over both 






cerebral hemispheres. Fundamentally, hydrocephalus is not at all different 






from hydro-ureter and hydronephrosis, or from the effect upon the biliary 





tracts of stones and other obstructions, which, too, may be quite variable 





in character ; but the effects of the obstructions are the same. 





In hydrocephalus, as in other conditions, the obstructions occur in many 























different locations. When the obstruction closes all or part of the cisternae 
at the base of the brain, the hydrocephalus is known as communicating because 
the ventricles communicate freely with the spinal canal. When the obstruc- 
tion closes any part or all of the ventricular system the type of hydro- 
cephalus is called noncommunicating because the ventricular system, or the 
affected part, does not communicate with the spinal canal. The differentiation 
between these two major types of hydrocephalus is all important from the 
standpoint of surgical therapy because two fundamentally different anatomic 
set-ups exist. When the ventricles do not communicate with the spinal canal 
(and the obstruction is in the ventricular system), it may be assumed that 
the cisternae are open and that it is only necessary to sidetrack the fluid 
which may then enter the cisternae and thence be passed along to the sub- 
arachnoid space for absorption. ( This presumption is by no means always 
correct, for not infrequently more than one congenital obstruction exists. ) 
Sut when the cisternae are blocked there is no way by which fluid can be 
made to enter the subarachnoid spaces to be absorbed. There are indeed 
many instances of communicating hydrocephalus in which the crucial part of 
the cisternae—the cisternae interpeduncularis and chiasmatis from which all 
the subarachnoid spaces radiate—are beyond the obstruction; but whether, 
since they have never contained fluid, they are still potentially patent and 
could receive fluid from an opening in the floor of the third ventricle is diff- 
cult to determine. At any rate there is no safe way of separating this group 
from those in which the entire length of the cisternae or at least the important 
anterior half (the cisternae interpeduncularis and chiasmatis) is included. 
Submitted for publication March 7, 1938. 
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This being true, for the present, at least, all cases of communicating hydro- 
cephalus are considered alike. The cure of this type of hydrocephalus can- 
not (except perhaps in some of the isolated exceptions noted above) be 
accomplished by sidetracking the fluid to any location where great absorption 
can occur. This being true, the only hope must be in reducing the amount 
of cerebrospinal fluid that is formed. 

Twenty years ago the writer’ proposed a procedure by which the large 
glomus of the choroid plexus was removed from both lateral ventricles. it 
was hoped that the absorption of fluid that occurs in the spinal and cerebellar 
subarachnoid spaces might take care of the fluid that formed from the re- 
maining choroid plexuses. I have had several undoubted cures resulting from 
this procedure. It has been my impression that the cures have been princi- 
pally, though not entirely, in the older infants, where the size of the head 
was somewhat fixed and the hydrocephalus was, therefore, progressing at a 
slower pace. That the rate of growth of the head in hydrocephalics is very 
variable is well known. It has also been my impression that those with the 
larger choroid plexuses and those with more histologic evidence of oblitera- 
tions of the vessels in the choroid plexus did better following the removal of 
the plexuses. It has also seemed that there is a relationship between the 
histologic degenerative changes in the choroid plexus—which are often pro- 
found—and the rate at which the hydrocephalus grows. In effect, the latter 
changes are the equivalent of partial removal of the plexus. 

The purpose of this communication is to show the effect of further 
operative removal of the choroid plexus from the brain when removal of the 
glomus from both sides has been found to be inadequate. Since the brain 
is so rapidly destroyed by advancing hydrocephalus, it is important that 
delay be avoided when further surgical efforts are to be instituted. One 
cannot, therefore, wait very long to determine that the earlier operation has 
been inadequate. In this connection it should be emphasized that unless hydro- 
cephalics are brought very early for treatment, attempted cures are not worth 
while. There is no point in curing or attempting to cure a baby that is cer- 
tainly going to be subnormal mentally. For the rapidly growing hydro- 
cephalics, three months is the outside limit for surgical intervention; for those 
that are growing less rapidly, the limit may vary from six months to a year, 
all depending, of course, on the actual size and rapidity of the growth of the 
head. But the earlier the treatment the better the results, both in terms of 
life and of subsequent mentality. 

The surgical procedures that are herewith suggested, and which were 
carried out with apparent success in one patient, are: (1) The cauterization 
with or without removal of the choroid plexus lying in the posterior cranial 
fossa: namely, that in the fourth ventricle and along both flocculi (Fig. 1 
[B and b]) ; and, (2) cauterization of the plexus in the bodies of both lateral 
ventricles (Fig. 1 [C, c and c’]). These procedures are in addition to the 


routine removal of the glomus and the plexus in the descending horn of both 
lateral ventricles. 
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CASE REPORTS 

Case 1.—P. G., female, age one year, was admitted to the Johns Hopkins Hospital 
April 8, 1936, with the history that four days before birth the mother had been operated 
upon for appendicitis. Mother and baby remained in the hospital for nearly three months. 
At the age of five or six weeks the head was definitely oversize and had since con- 
tinued to grow, though the rate of growth has not been even. At times it would appear 
to grow very rapidly and again the increase would be much less. At the age of three 
months she could hold up the head and even despite its great enlargement she was able 
to sit up. The head was fairly symmetrically enlarged and measured 54 cm. in cir- 
cumference. The anterior fontanelle was very large, measuring 9x8 cm. The posterior 
fontanelle was closed. The veins of the scalp stood out prominently. The baby weighed 


9,700 Gm. 


Fic. 2.—Case 1: Patient one and_ one-half 
years following removal of both glomi, the plexus 
from the posterior cranial fossa, and, finally, from 
the bodies of both lateral ventricles. 

The phenolsulphonephthalein test showed free communication between the spinal canal, 
into which the dye was injected, and the ventricular system. The cerebral cortex was 
perhaps %4 cm. thick. 

Operations —April 11, 1936: Removal of glomus from the right lateral ventricles 
It was first thoroughly coagulated, then removed. 

April 17, 1036: Coagulation and removal of glomus of left lateral ventricle. 

April 28, 1936: Coagulation of choroid plexus on under surface of vermis at the 

There 


was quite a mass of plexus at each terminus; this was similarly destroyed with the 


cautery. 

June 30, 1936: Patient returned because of vomiting. The circumference of the 
head was unchanged but the fontanelle was somewhat tense. Through a small opening 
in the right side of the anterior fontanelle the ventriculoscope was introduced into the 
anterior horn of the large right ventricle arid the choroid plexus was quickly cauterized 
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from the foramen of Monro to the scar marking the removal of the glomus. The sep- 
tum pellucidum, curiously, was everywhere intact. An opening was cut through this 
structure by the cautery, and the plexus of the left lateral ventricle was destroyed with 
the cautery precisely as on the right side. 

The baby was discharged from the hospital July 109, 1936. 

Subsequent Course-——The baby was next seen one year later (July 8, 1937). At 
that time it was holding up its head, and appeared bright. The mother says it under- 
stands much that she says to it. 

The circumference of the head was 57 cm. The anterior fontanelle was reduced 
to 4.5 cm. in the anteroposterior diameter and 7 cm. in the lateral. 

The last visit was January 15, 1938, one and one-half years after the operation. The 
head measured 57 cm. in circumference; the anterior fontanelle 5.5x2 cm. (Fig. 2). The 
baby looks bright, sees and is beginning to talk. Both arms and legs are used freely. 
When lying on her stomach she raises her head and looks from side to side. She plays 
with her toys all day long; she loves to listen to the radio. She has made no effort 
to get on her feet. 


This series of operative procedures had been carried out in another 
child, age five months, a year previously ; the patient died, however, six weeks 
following the final operation, too soon to estimate upon the effects of it on 
the hydrocephalus. 

In this connection the results on a third little patient are of interest be- 
cause pathologic considerations prevented the attempted removal of the 
choroid plexus from the posterior fossa, and cauterization of that in the 
bodies of the lateral ventricles has so far been withheld; but the little baby 
is, at the end of eight months, seemingly well and apparently cured. 


Case 2.—R. H., male, age three months, was admitted to the Johns Hopkins 
Hospital, with the history of having had a difficult birth. The head was thought to 
have been large at that time; the mother, however, was reported to have had a con- 
tracted pelvis. The baby was delivered with instruments. It cried feebly but took its 
feedings by the breast immediately after birth. It was not until the end of the ninth 
week that Dr. C. Rosenberg of Newark, N. J., observed the first evidence of hydro- 
cephalus (Fig. 3). 

Examination—Except for the enlarged head the baby was well developed, well nour- 
ished and looked healthy. The head was markedly enlarged, measuring 50 cm. in cir- 
cumference; the anterior fontanelle measured 6x6 cm. The veins of the scalp were 
dilated. 

Operations—June 12, 1937: The ‘glomus of the choroid was removed from both 
lateral ventricles at one operation. The cauterization was continued down both descend- 
ing horns and for some distance along the body of the ventricles. The cerebral hemi- 
spheres were not more than 1 cm. thick at the site of the ventricular openings. The 
ventricular fluid was strongly colored with phenolsulphonephthalein that had been in- 
troduced into the spinal canal on the preceding day. 

June 25, 1937: Assuming that further operative treatment would be necessary, a 
bilateral cerebellar exploration was made. Cauterization of the plexus in the posterior 
cranial fossa was intended. However, there was a very dense scar at the foramen of 
Magendie which was tightly sealed and the cerebellar tonsils projected slightly into the 
spinal canal. Hoping to reach and remove the choroid plexus within the fourth ventricle, 
the vermis was split and an opening that would admit the index finger was made into 
the large fourth ventricle. The incision was carried posteriorly to the medulla in the 
midline. The choroid plexus could not be seen; it was all incorporated within the 
scarred mass and was beyond reach. Since the hydrocephalus was clearly of the com- 
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municating type, the opening into the fourth ventricle could play no part in the sub- 
sequent cure of the hydrocephalus. 

Subsequent Course.—This little patient was last seen November 15, 1937—five 
months after the first operation (Fig. 3 [A and B]). It was a very normal looking 
baby with bright eyes; it was cooing and playful. Its head had increased only 1 cm 
since the admission to the hospital—a normal rate of growth. The anterior fontanelle 
now measured 5x2 cm., a reduction of 1x4 cm.; it was neither tight nor bulging. <A 
letter received February 1, 1938, stated that the baby continued to thrive, was seemingly 
normal and measurement of the head showed no increase. 
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Fic. 3.—Case 2. (A) and (B): Five months after the removal of glomi from both lateral 
ventricles. An attempt was made to remove the plexus from the posterior cranial fossa, but 
it could not be reached because it was incorporated in a dense scar. 


Cauterisation and Removal of the Glomus.—Preparatory to this and all 
the other operative procedures upon hydrocephalic children whose sutures 
have not united, it is necessary to fix the head in a plaster encasement. 
If this is not done, the head will collapse as the fluid escapes, and collapse of 
the head is almost necessarily fatal. 

I always prefer to attack the choroid plexus through an air medium be- 
cause it is much more simple (Fig. 1, center) ; the plexus is so much better 
seen and so much easier of cauterization and removal. I have tried the 
various water cystoscopes used by Dr. Hugh Young, and with special im- 
provements for the local situation, but have never been able to get results 
as satisfactorily as with the air medium. Working in an air medium, one has 
a far sharper, clearer view, never obscured, as in a water medium, by any 
little bleeding ; moreover, any bleeding points can be promptly controlled either 
with cotton pledgets or the electrocautery. 

The cutaneous incision is straight and vertical (about 2 cm. in length) in 
the occipital region of each side and about 2% to 3 cm. from the midline 
(Fig. 1 [A]). The bone is ronguered away until its opening is almost exactly 
the size of the small ventriculoscope. After opening the dura and cauterizing 
any cortical vessels, the underlying cottex is incised and the ventriculoscope 
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is introduced into the posterior horn of the ventricle (Fig. 1 [A]). The 
ventricular fluid is collected, kept warm and replaced at the end of the opera- 
tion. After much experimentation the Cameron light has been found to be 
much the most satisfactory. The illumination of the ventricle is almost 
perfect and without sacrificing room in the tube. In order to prevent the 
effects of the electrocautery from spreading, an insulated German bakelite 
tube is used. Prior to the use of this ventriculoscope I used a headlight of 
German make and from which parallel rays of light passed down the narrow 
tube; although very satisfactory, it was not so simple, in that frequent ad- 
justments of the head mirror were necessary to attain the exact angle for 
passage of light down the ventriculoscope. 

In recent years I have usually, but not invariably, removed the glomus 
of only one ventricle at a time (Case 2 is an exception). It is so easy to re- 
move both at a single operation that it is tempting to do so, but there is no 
doubt that it carries a higher mortality. Usually an interval of a week between 
the right and left sides is sufficient. It is worthy of note that when the head 
is in a plaster encasement, rapid removal of the ventricular fluid has no 
effect upon the baby’s pulse, respirations or color. Such changes are very 
promptly induced by even a slight loss of blood. The best method of attack 
upon this mass of dangling choroid plexus—the glomus—has also been de- 
termined only after much experimentation. It can be aspirated (only in 
young babies) into a continuous suction tube very easily and with scarcely 
any bleeding because the vessels of this age are small and contract promptly. 
However, it is probably preferable to cauterize the mass by applying a metal 
probe to its surface until it is greatly shrunken (Fig. 1, center). This mass 
can then be removed with long slender bladed forceps, or sucked through the 
tube, or even left in place. Every effort is made to cauterize that portion of 
the choroid plexus that passes to the tip of the descending horn and also that 
in the body of the lateral ventricle; from this point of attack one can rarely 
cauterize the plexus far beyond the bend into the body of the ventricle. 

Before withdrawing the ventriculoscope, the ventricular fluid is replaced 
and any deficit is supplied by Ringer’s solution. Since the ventriculoscope 
is accurately applied to the dural defect and the opening in the cortex, air 
cannot pass outside the cortex and cause it to collapse. It might be supposed 
that fluid would subsequently pass through the cortical opening and collect 
outside the cerebral cortex, causing it to collapse, but this does not happen 
when the cortical opening is small. In fact, this opening soon heals over 
and in the course of time can scarcely be found. It is, of course, obvious that 
these openings are made in a silent part of the cerebral cortex. Conceivably 
the visual cortex might be injured, but I have not seen this happen. 

Removal of the Choroid Plexus in the Posterior Cranial Fossa.—There is 
quite a volume of choroid plexus in the posterior cranial fossa. Usually the 
cisterna magna, the foramen of Magendie and the fourth ventricle are all 
exceedingly large in communicating hydrocephalus. Exposure of the posterior 


cranial fossa by a small bilateral suboccipital craniotomy brings all of the 
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choroid plexus in this region immediately into view (Fig. 1 [B and b]). Even 
the extension of the choroid plexus laterally into each lateral recess is directly 
visible because the large cisterna magna extends laterally around the brain 
stem and lifts the cerebellum upwards as far as the inferior peduncles, under 
which the choroidal extensions pass to the foramina of Luschka (Fig. 1 [b]) 
where they form a mass comparable to, but smaller in size than, the glomi of 
the lateral ventricles. It requires only a few minutes to completely cauterize 
all of the choroid plexus in the posterior cranial fossa. As the choroid passes 
along the vagus nerve the cauterization must be cautiously performed to avoid 
dysphagia. This actually resulted in this little patient but cleared after several 
days. 

There are exceptions to the above topographic relations. At times the 
foramen of Magendie is closed and the fluid must then escape through the 
ventricles through the lateral foramina of Luschka. Under these conditions 
the cisterna magna may be very small and the cerebellum snugly applied to 
the brain stem, thus completely hiding and making difficult or impossible of 
exposure the entire mass of choroid plexus in the posterior fossa. In the 
second case of this report this situation was encountered. The cerebellum 
was tightly bound to the medulla everywhere and the foramen of Magendie 
was closed by a dense scar so that neither the lateral extensions of the choroid 
nor that in the fourth ventricle could be safely reached. I am not prepared 
to say that many cases of hydrocephalus cannot be cured without including 
this portion of the choroid plexus in the sum total that is extirpated or 
necrosed, but the evidence at hand appears to indicate that it is essential in 
many. 

Cauterization of the Choroid Plexus in the Body of Each Lateral Ven- 
tricle-—Extirpation of the choroid plexus from the bodies of the lateral ven- 
tricle is not possible because the plexus is but slightly elevated. However, 
it is only necessary to lightly draw the coagulating needle of the electrocautery 
(or better a probe which is touched by the cautery) along it (Fig. 1, center ) 
from the scar at which the glomus has been previously removed posteriorly 
to the foramen of Monro, to see it shrivel to a white streak. It has seemed 
hetter to coagulate this part of the plexus on both sides at a single sitting, 
first because it is necessary to remove only about two-thirds of the ventricular 
fluid; second, because the amount of cauterization is less than elsewhere ; 
third, because of the desire to avoid entry through the more important left 
hemisphere ; and finally, because both sides can be reached almost as easily 
as one (Fig. 1 [c]). To accomplish this end the same sized Cameron ven- 
triculoscope is passed through the right side of the anterior fontanelle, which 
is always large. The air medium is also used in the attack upon this part 
of the plexus. Usually the septum pellucidum is already perforated, or even 
largely destroyed by the pressure of the hydrocephalic fluid. It is then only 
necessary to shift the ventriculoscope through the openings to expose the 
choroid plexus on the left side (Fig. 1 [C’]). But if no perforation exists, 
as in the above case, one of adequate size can easily be incised with the cautery. 
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Summary and Conclusions—In the treatment of communicating hydro- 
cephalus the removal of the glomus from each lateral ventricle may or may 
not be sufficient to produce a cure. If not adequate, additional choroid plexus 
may be removed or destroyed by the cautery: (1) From the posterior cranial 
fossa (fourth ventricle and lateral recesses) ; and/or, (2) from the bodies of 
both lateral ventricles. Only experience and careful study of the effects of 
each attack can tell when the added removal is necessary. There is so much 
individual variation in the rate of growth of hydrocephalus that no set rule 
can indicate beforehand whether additional removal is necessary, and if so, 
how much. Since most cases do require more than the removal of the glomi, 
I am inclined to destroy the plexus in the posterior cranial fossa (when this is 
possible) without waiting to see the effects of removal of the glomi. By so 
doing the extensive destruction of brain tissue in the unsuccessful cases may 
be avoided. 

The test of success or failure of these operations is, to a very large extent, 
dependent upon measurements of the head; and by the time it is known that 
the operation has not been successful, extensive destructive of the brain tissue 
has resulted ; which may well mean the difference between a subsequent normal 
and impaired mentality. Nothing should be left undone to insure, when 
possible, the minimum of cerebral damage. By and large, the destruction 
of brain tissue is far more serious than the risk of the added operation. 

The final suggested attack, namely, cavterization of the plexus along the 
bodies of both lateral ventricles, should, I feel, be left until it is definitely 
demonstrated that both of the other procedures have been inadequate. 

Admittedly each of the above operative procedures is one of magnitude and 
is fraught with danger, but when the hydrocephalus of the communicating 
type continues to progress, there appears to be no alternative. It seems im- 
possible that this type of hydrocephalus can be cured except by the removal 
of a sufficient amount of choroid plexus. In the case here reported and the 
one that died subsequently, it was only the continuation of pressure, as indi- 
cated by a tense fontanelle and vomiting, that made the need of the last 
choroid plexus removal necessary (from the bodies of the lateral ventricle), 
if this line of attack were going to be successful. Only the choroid plexus 
in the roof of the third ventricle remains, and even the beginning of this at 
the foramina of Munro has been included in the cauterization. Even this 
could be removed very simply by splitting the corpus callosum, but it is diffi- 
cult to believe that this small remaining amount of plexus could maintain 
a progressive hydrocephalus of this type. 
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PRIMARY MALIGNANCY OF 





THE JEJUNUM AND ILEUM* 


Ancus L. Cameron, M.D. 
Minot, N. D. 


FROM THE DEPARTMENT OF SURGERY, NORTHWEST CLINIC MINOT, N. D. 


THE MATERIAL upon which this 


paper is based consists of four cases 


of primary malignancy of the. jejuno-ileum which I have observed during 


the last eight years, and the reports in the literature during the same period 


of time of 196 similar cases (Table I). 


These tumors are rare and unusual. 


Individual experience has rarely exceeded and seldom equaled a half dozen 


observations. Carcinomata, malignant carcinoids and sarcomata comprise 


these malignancies. Other reported 
types may be excluded because of 
their negligible incidence or question- 
able origin. 

Carcinomata outnumbered — sarco- 
mata 5:4, and malignant carcinoids 
8:1. The average age incidence for 
these three groups is respectively 51, 
48 and 57 years, exclusive of infants 
and children, who comprise 10 per 
cent of the sarcoma group, and who 
are almost exclusively males. 

Primary malignancy does not re- 
spect any part of the jejuno-ileum. It 
attacks the extremities with the great- 
est frequency, but is found in the 
intervening portion in one-third of 
instances. The proximal fourth of 
the jejunum and the distal fourth of 
the ileum account for 40 and 28 per 
cent of occurrences respectively. The 
carcinomata predominate in the for- 
mer, and the sarcomata in the latter 
location. The malignant carcinoids 


manifest a marked preference for the 


(Table II, Fig. 1). 


Multiple carcinomata occur very 1 


Primary MALIGNANCY OF THE SMALL BOWEL 


Carcinoid 
(malignant) 


Carcinoma 


Sarcoma £ntire Group 














“eee A 
. | 
e | 
* 4 | 
ae - 3 ae 
| 
e - o . E 
*e- % eo -- = 
e . 3 
e 7 > 
. . ~p 
. © 
* o 
Hare ae ae ot ee ae Y 
. e 7 + . e 
e . e ra . * aw 
7 * 
. e e ° 2 
e e S$ 
i o--¢ ~9 . ate =. ee & 
7 
e 7 - . 
* e . e 
e ° 
. . 
e ae > 2 id e ~ 
° e a 
e? e ete 
. ee ef @ Peet @ 
eo e,? *-e ee? 
e e » * eee 2 eee 
eo f® @ ee * ef ss ace tooder wt} 


Fic. 1.—Scatter chart illustrating the locations 


of the primary malignant tumors of the jejuno 
ileum. 


ileum, particularly its terminal portion 


‘arely, but one-sixth of the malignant 


carcinoids and half as many of the sarcomata exhibit plural sites of origin. 


Carcinomata are predominantly of the adenomatous type, and may appear 


* Read before the Western Surgical Association at Indianapolis, Ind., December 3, 
1937. Submitted for publication January 24, 1938. 
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as a simple ulcer, a papillary growth or an annular, ulcerated constriction. 


The malignant carcinoids, until recently, were confused with the carcinomata, 


from which they are readily distinguishable by microscopic examination alone, 


without the aid of silver or other special stains. 


Histologic examination fails, 


however, to reveal their malignant properties, evidence of which must rest 


upon metastasis or invasion, unless it is assumed that all small bowel car- 


cinoids are malignant. 


These malignant neoplasms assume a nodular or 


sessile form; rarely do they involve the whole circumference of the bowel. 


They usually compromise its lumen, either through intraluminar encroach- 


ment or by a puckering distortion of the bowel wall in contradistinction to 


a complete ring-like stenosis. 





Mucosal ulceration is not infrequent. 
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The sarcoma group is classified here as fibrosarcoma, leiomyosarcoma 
and malignant lymphoblastoma; the latter is of lymphoid tissue origin and 
includes lymphosarcoma, Hodgkin’s disease of the intestine and _reticulo- 
endothelioma (Table III). Microscopically, these three types of lymphoid 
tumors frequently blend in borderline cases so as to render impossible a hard 
and fast classification in all instances. Only one-third of the sarcomata are 
of connective tissue or smooth muscle type; two-thirds of this group are 
of lymphoid structure, of which the lymphosarcoma accounts for four out 
of five cases. 


TABLE III 


CLASSIFICATION OF THE SARCOMATA OF THE JEJUNO-ILEUM 


No. of 

Cases 
Fibrosarcoma..... Nei) aioe Bane te ee 10 
Leiomyosarcoma Fe eR Cee EN ere Ss Rs 9 
Lymphosarcoma . Arr aie 43 
Malignant lymphoblastoma ; (Hodgkin's disease of the intestine) 4 
Endothelioma . . ; 2 
SUMIRMPUIRNEEN chon a CTS an cos er 10 
Total Se er ee ee So eet ee 


The sarcomata manifest such striking and numerous individual varia- 
tions as to render futile any attempt at a general descriptive statement. One- 
fourth are large and one-fifth are adherent to some neighboring viscus, 
usually the colon. They exhibit large and small extraluminar and _intra- 
luminar masses, also large and small annular formations with and without 
narrowing or obliteration of the lumen. A peculiar type of growth character- 
istic is the transformation of an appreciable length of small bowel into a 
hard, rigid thick-walled tube. 

Carcinomata, malignant carcinoids and sarcomata are all capable of 
producing bowel obstruction, the first two with an average frequency of go 
and 80 per cent, respectively; 56 per cent of the sarcomata produce this 
complication, which is nearly always mechanical, regardless of the kind of 
tumor. The carcinomata and malignant carcinoids are primarily constrictors. 
Intraluminar encroachment and extraluminar occlusion are produced less 
frequently by these growths. Sarcomata obstruct usually: (1) In the form 
of large or small annular masses; (2) by the formation of a rigid tubular 
segment; and (3) by intussusception and less frequently by (4) intralum- 
inar encroachment; (5) extraluminar compression; and (6) angulation of 
the bowel wall due to matted and adherent coils of intestine. 

There is a peculiar type of annular sarcomatous growth which causes 
dilatation of the bowel lumen instead of constriction. It has been emphasized 
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more than its incidence warrants, with the result that there is widespread 
belief that such a deformity represents the usual type and that sarcomata of 
the bowel rarely produce obstruction. Actually, constricting sarcomatous 
growths occur three times more frequently. 

Metastases have been discovered at operation in approximately one-fourth 
of the carcinoma and sarcoma cases, and at autopsy in approximately go 
per cent. They may be widespread but are seldom found outside the abdo- 
men. The regional mesenteric lymph nodes and the liver bear the brunt of 
these deposits. As would be expected from our definition of a malignant 
carcinoid, practically all have metastases at operation and autopsy. 

The symptoms vary greatly in kind and degree in the same and different 
individuals. They are determined by such factors as the size, location and 
extent of the primary and possible secondary growths, and whether or not 
intestinal obstruction is present. With few exceptions, with or without ob- 
struction, the complaints are referable to the abdomen and to the gastro- 
intestinal tract. Infrequently, the manifest symptoms of small bowel involve- 
ment are absent or are so mild as to be overshadowed by other primary or 
secondary ailments. 

The onset of symptoms may be sudden and severe, as in perforation, 
intussusception or sudden occlusion ; usually they are insidious and frequently 
consist of anorexia, dyspepsia, weakness, fatigue and vague abdominal dis- 
comfort. Loss of weight and constipation are pronounced in most instances. 
Diarrhea occasionally occurs. Alternating constipation and diarrhea are fre- 


quently present. Occasionally a massive bowel hemorrhage occurs which 


originates surprisingly often in a tumor of the connective tissue or smooth 
muscle types; the leiomyosarcomata are the chief offenders in this respect. 
The patient infrequently observes evidence of blood in the stool. Occasionally 
he discovers an abdominal tumor, which is usually a large sarcoma. Rarely 
are the smaller carcinomata and malignant carcinoids found by the patient. 

The duration of symptoms varies from a few hours to several years. It 
it usually expressed in terms of months. Approximately one-half of the 
cases have had symptoms for six months or less, and three-fourths for one 
year or less. 

The physical findings may or may not be abnormal. They are con- 
veniently classified as general and abdominal. The positive general find- 
ings are usually indicative of a wasting ailment and consist of pallor, fever, 
undernourishment, emaciation and cachexia of various degrees and combina- 
tions. Their incidence is slightly under 20 per cent for carcinomata and 
somewhat higher for sarcomata. 

The positive abdominal findings are for the most part those of chronic 
obstruction and tumor, and seldom are of an acute abdominal condition. 
The instances of acute obstruction and perforation are relatively few. The 
percentage incidence of palpable sarcomata is high and exceeds greatly that 
of the carcinomata; the respective values are 65 and 29 per cent. The 
diameters of half of the sarcomata equal or exceed 5 cm. These tumors not 
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infrequently are large or massive. The carcinomata, on the other hand, are 
usually small and seldom, if ever, massive; they rarely attain a diameter 
of 6 cm. 

Intestinal tumors are usually movable but may become adherent and 
immovable; this is especially noteworthy of the sarcomata, which are often 
attached to surrounding structures. 

The hemoglobin values are appreciably low in most instances but only 
occasionally are they under 50; such extreme depletion is usually found in 
an illness of long duration, or in one characterized by a sudden severe 
hemorrhage. The stools may or may not contain evidence of blood. Oc 
casionally the latter is present in enormous amounts. 

Roentgenologic observations are extremely valuable in the determination 
of the presence, degree and level of an obstruction, and also for revealing 
the relationship to the bowel of an abdominal tumor; negative as well as 
positive findings are important. The evidence of obstruction infrequently 
justifies an expression of opinion regarding its nature. The scout film, colon 
depiction after an opaque enema, and a specially executed gastro-intestinal 
examination after the ingestion of barium, comprise the roentgenologic pro 
cedures usually employed. The serial films and observations must be taken 
at frequent intervals to obviate missing transitory evidence of obstruction 
and alterations in bowel wall contour. The hazards of a barium meal in 
the presence of severe obstruction are well known and frequently contra- 
indicate its employment. The scout film was rarely employed in this series, 
and the barium enema very infreqently. Because of their great merit this 
constitutes a serious omission. Gastro-intestinal studies were carried out in 
46 per cent of instances. 

A 20 per cent error prevailed in the recognition of actual obstruction. 
Neoplastic involvement was suspected in 25 per cent of instances of recognized 
obstruction. The possibility of exact clinical diagnosis does not exist. Rarely 
is a diagnosis of any kind of primary neoplastic disease of the jejuno-ileum 
well founded. Usually diagnostic resources are exhausted in the recognition 
of an obstructive lesion primary in the small bowel. With rare exceptions, 
only obstructive cases disclose evidence indicative of possible primary neo- 
plasia; this obstructing group coniprises approximately three-fourths of the 
total number of tumors under discussion. 

The significant diagnostic factors are the history, physical, laboratory 
and roentgenologic evidence, of which the history and roentgenologic evidence 
are the most uniformly positive and suggestive; the former is almost never 
negative, and the latter never. In other words, positive roentgenologic 
evidence of small bowel alteration is indispensable in all instances. Positive 
physical findings such as a palpable tumor and positive laboratory findings, 
such as blood in the stool, are always significant, but never essential. Diag- 
nostic accuracy is greatly enhanced when all four factors are positive and 
mutually supportive. 

The nonobstructive cases present almost insurmountable diagnostic dif- 
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ficulties. Two recent reports indicate conclusively, however, that a correct 
diagnosis of a primary small bowel tumor is possible, at times, even in these 
cases. They both concerned palpable tumors with central cavitation, whose 
small bowel origin was proved by the roentgenologic evidence of the air 
filled cavities, into which ingested barium flowed. The bowel lumen of 
the resected segment was found to be dilated within the tumor. 

In this series one-sixth and one-seventh, respectively, of the carcinoma 
and sarcoma cases were diagnosed correctly insofar as the presence of a 
primary, small bowel tumor is concerned. In some instances the diagnosis 
was not warranted by the evidence. In a few cases malignancy was sus- 
pected and diagnosed correctly upon roentgenologic findings of infiltration 
of the bowel wall by a tumor. 

Radical surgical removal in one or more stages is the basis for cure, and 
was performed with this object in view in 69 and 64 per cent, respectively, 
of the carcinoma and sarcoma cases; only three of the 13 cases of malignant 
carcinoid received similar treatment. 

Postoperative roentgenotherapy is administered frequently, particularly 
in instances of sarcoma. Palliative operations to relieve obstruction are oc- 
casionally performed, and sometimes are as extensive as the curative pro 
cedures. 

The prognosis is unsatisfactory with respect to both the immediate opera- 
tive mortality, which is 30 per cent, and the ultimate results; there is no 
noteworthy difference in the outcome of the first few years between the car- 
cinoma and sarcoma cases, which show respective percentage survival at 
one year of 24 and 30, and at three years of 13 and 10 per cent; the re- 
spective values at five years are six and ten. One carcinoma case and one 
of malignant carcinoid lived eight years, the latter being the author’s case. 
Three sarcoma cases survived operation eight years, two 13 and one 20 
years. 

Metastasis was found upon microscopic examination of the removed tissue 
in one of the five carcinoma cases who survived operation five years, and 
also in the author’s case of malignant carcinoid; like evidence was disclosed 
in only one of the six sarcoma cases who survived an equal length of time. 
This single occurrence was in another of the author’s cases. Of these latter 
six cases of long survival two were fibrosarcomata, one leiomyosarcoma, and 
three lymphosarcomata. Only one received roentgenotherapy. The leiomyo- 
sarcoma case died of a recurrence 13 years and eight months after opera- 
tion. The 20 year survival was that of an instance of fibrosarcoma (Table 
IV). 

CASE REPORTS 

Case 1.—L. P. M., female, age 48, was first seen March 17, 1930, because of a 
diarrhea of 18 months’ duration, 30-pound loss of weight, occasional generalized abdom- 
inal distress and two recent attacks of severe abdominal pain, accompanied by nausea, 
vomiting, and blood stained stools. 

The physical findings were negative upon entrance. The laboratory examinations 
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TABLE IV 


MORTALITY AND SURVIVAL DATA OF OPERABLE CASES 


Carcinoma Carcinoid Sarcoma 
No. Percentage No. Percentage No. Percentage 

Operable........ 75 69 i 23 50 64 
Immediate mortality . 22 2918 oO oO 15 30 
Alive six months 25 3318 2 6624 17 34 
Alive one year 18 24 2 662 15 30 
Alive two years..... 13 1714 I 3318 7 14 
Alive three years. ... 10 13\8 I 3314 6 12 
Alive four years.... 6 8 I 331% 6 12 
Alive five years.... 5 63 I 3314 6 12 
Alive six years.... 2 22% I 3314 6 12 
Alive eight years.... I Ile I 3318 3 6 
Alive 13 years..... O oO oO oO 2 4 
Alive 20 years..... O oO oO O I 2 
Not stated..... es 17 222% I 3314 8 16 


showed: Blood Wassermann, negative; hemoglobin, 15.3 Gm.; erythrocytes, 4,485,000; 
leukocytes, 7,350; stools negative for blood. A gastro-intestinal study following a barium 
meal was negative. 

Following two attacks of severe abdominal pain during the first five wecks ot 


Fic. 2 Fic. 3 





Fic. 2.—Case 1: Low power photomicrograph of malignant carcinoid of ileum, showing a dense 
fibrous stroma infiltrated with characteristic epithelial cell masses, with no tendency to tube formation. 
Fic. 3.—Case 1: High power photomicrograph of a metastatic carcinoid deposit in a mesenteric 
lymph node. This shows the characteristic masses of small cuboidal epithelial cells, with regular, 
deeply staining nuclei. 
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MALIGNANCY OF JEJUNUM AND ILEUM 
hospitalization, there developed fever, leukocytosis, bloody stools and findings indicative 
of an acute inflammatory peritoneal involvement. 

During the second attack an exploratory celiotomy was performed, which disclosed 
a mesenteric tumor 7 cm. in diameter, together with torsion of the mesentery from right 
to left, with resulting gangrene of several feet of distal ileum. A resection of 160 cm 
of ileum with a large part of its adjacent mesentery was carried out, and was followed 
by a lateral anastomosis. An uneventful recovery occurred. Diarrhea persisted for 
one year. The patient is living and well (April, 1938), eight years postoperative. 

The mesenteric tumor upon section presented a yellow, fleshy surface. Upon open- 
ing the intestinal segment a small whitish tumor was discovered upon the mucosal sur- 
face. It measured 2.5 cm. in diameter. 

Microscopic examination of these two tumors revealed a moderately dense fibrous 
stroma, which was diffusely ingrown with huge sheets and cords of epithelial cells 
showing no tendency to tubular formation. The individual cells were cuboidal or polyg- 
onal, with a moderate amount of pink, finely granular cytoplasm and comparatively 
large spherical nuclei. The diameters of the cells and nuclei were practically uniform. 
There were no mitotic figures (Figs. 2 and 3). The muscularis of the bowel was 
infiltrated with cords of epithelial cells. Pathologic Diagnosis: Primary malignant 
carcinoid tumor of the ileum with metastasis to the mesentery 


Comment.—Obstruction produced by primary malignancy of the jejuno- 
ileum is nearly always of the mechanical type; this case, however, belongs 
to the strangulating type of obstruction. It is noteworthy that this primary 
tumor produced no symptoms and was not discovered until a careful exam- 
ination was made of the resected bowel segment. This tumor belongs to 
a group of extremely rare small bowel malignancies, whose number in the 


literature does not exceed 40. 


Case 2.—S. A., male, age 42, was first seen April 14, 1932, complaining of colicky 
abdominal pain, nausea, vomiting, anorexia, weakness, 17 pound weight loss and con- 
stipation, which symptoms had begun five months previously. He had a Io year his- 
tory of gastro-intestinal disturbances. Three years 
before, an operation was performed for a perforat- 
ing duodenal ulcer and gallstones, with resulting 
freedom from symptoms for two years, which 
ended with the onset of the present disturbances. 
Temperature, 101° F. 

Physical Examination—Weakness and ema- 
ciation were pronounced. Upper abdominal dis- 
tention and visible peristaltic waves, left to right, 
were present. A small, hard, immovable and 
tender mass 2 cm. in diameter was palpated in the 
left upper abdominal quadrant. A second smooth, 
firm, immovable tumor 6 cm. in diameter was 
found in the right lower abdominal quadrant. 

Laboratory Data—Blood Wassermann, nega- 
tive; hemoglobin, 13.2 Gm. erythrocytes, 4,210,000; 
leukocytes, 6,550; stools negative for blood. Gas- 





tric analysis after an Ewald meal gave the follow- 


ing values: Free HCl it tal HCl 28. Gastro- Fic. 4.—Case 2: Roentgenogram 
. . . : . . showing an irregular filling defect at the 
intestinal roentgenologic studies, after a barium Quodenojejunal flexure, which was diae 


meal, revealed a normal stomach and duodenal nosed as a malignant infiltration of the 
‘at 5 i bowel wall. It proved to be Hodgkin's 
cap. The second portion of the duodenum was disease of the jejunum. 
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somewhat narrowed and distorted. A loop of small bowel at the duodenojejunal flexure 
showed numerous finger-like areas of irregularity, loss of the normal markings and 
irregular filling defects (Fig. 4). The barium passed through this area with but little 
delay. A tumor was palpated here. There was a 50 per cent gastric retention one hour 
later. A diagnosis was made of a partially obstructing lesion of the duodenal flexure, 
most likely a malignant infiltration of the bowel wall. At operation a hard immobile, 
obstructing tumor about 8 cm. in diameter was found in the jejunum at its junction with 
the duodenum. There was marked regional adenopathy. A_ second retroperitoneal 
tumor, 5 cm. in diameter, was felt below the lower pole of the right kidney. A palliative 
posterior gastro-enterostomy was performed. Death occurred 24 hours later, apparently 
due to surgical shock. 

Autopsy.—The entire circumference of the proximal jejunum for a distance of 11 cm. 
was found to be involved by a tumor. The mucosa was nodular. This intestinal wall 
measured 5 cm. in thickness. Metastases to the mesenteric lymph nodes were found. 





set 3 y Boe 


Fic. 5.—Case 2: Photomicrograph of Hodgkin’s disease of the jejunum. The cells are chiefly 
lymphocytes, but reticulum cells are present also. (High power.) 
Fic. 6.—Case 2: Photomicrograph of a metastatic deposit 1n a mesenteric lymph node. 


power.) 


(High 


Microscopic examination of the primary ahd secondary tumors revealed a rather dense 
fibrous tissue reticulum supporting masses of small round cells resembling lymphocytes, 
a few plasma cells, occasional giant cells and large mononuclear reticulum cells with an 
abundant, finely granular cytoplasm and small round nuclei (Figs. 5 and 6). A diagnosis 
of Hodgkin’s disease of the intestine was made. This condition resembles ordinary Hodg- 
kin’s disease only in its histologic appearance and malignant manifestation. 

Case 3.—O. O., male, age 48, was first seen January 20, 1932, complaining of 
colicky abdominal pain, nausea, vomiting, constipation and a weight loss of 24 pounds. 
These symptoms had been present for six weeks. The first disturbance consisted of 
quite severe left upper abdominal quadrant colicky pain, appearing soon after the eve- 
ning meal, and accompanied by nausea and repeated copious vomiting. There was a 
recurrence of these symptoms four days later and several times subsequently. The 
stools became hard and dry, because of which laxatives were taken. There were daily 
movements until the three day period before examination, when there was none. Pro- 
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gressive pallor had been observed for three months, and constituted the only positive 
physical finding when first seen. 

Laboratory Data—Hemoglobin, 9.6 Gm.; erythrocytes, 3,860,000; leukocytes, 6,400 ; 
blood Wassermann, negative; gastric analysis after an Ewald meal: Free HCl 15, 
total HCl 34. Seven stools gave three positive guaiac tests. Two gastro-intestinal 
roentgenologic studies after barium ingestion were carried out six days apart, and re- 
vealed a normal stomach and duodenum but a slight dilatation of the proximal jejunum 
This constricted area presented the appearance of an in- 
filtrative type of tumor (Fig. 7) and was so diagnosed, a carcinoma being suspected be- 
cause of its relatively greater frequency in this location. 


above an area of constriction. 





ve jejunum 
caused by a constriction, apparently produced by an infiltrative type of lesion, 
whose level is indicated by the arrow. A _ roentgenologic diagnosis of primary 
malignancy of the jejunum was made. The tumor proved to be a lymphosarcoma. 


Fic. 7.—Case 3: Roentgenogram showing the dilated proximal 


Operation—An annular jejunal tumor was found 47 cm. from the duodenojejunal 
flexure. The proximal jejunal segment was four times larger than normal and its walls 
greatly hypertrophied. Distal to the tumor were collapsed intestinal coils of normal 
appearance. The constricting band was 7 cm. in width. It was adherent to the great 
Three enlarged and quite firm lymph nodes were 


omentum and the descending colon. 
Forty-six centimeters of the jejunum were resected, 


present in the adjacent mesentery. 
together with the adjacent mesentery bearing the lymph nodes and the involved portion of 
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the anterior wall of the descending colon. This window-like defect of the colon was 
closed and the jejunal segments were joined end-to-end. An uneventful recovery fol- 
lowed with a rapid gain in weight. The patient left the hospital 15 days after the 
operation. Shortly afterwards he was given two courses of deep roentgenotherapy. He 
is living and well six years after operation. 





: 


Fic. 8.—Case 3: Photomicrograph showing the entire thickness of the jejunal wall to be in- 
filtrated with lymphosarcomatous tissue. (Low power.) 
1G. 9.—Case 3: Photomicrograph showing cellular infiltration of the musculature of the jejunum. 
(High power.) 


Fic. 10 Fic. 11 





Fic. 10.—Case 3: Photomicrograph showing a mesenteric lymph node completely replaced on one 
side by lymphosarcomatous tissue. The uninvolved portion shows very large follicles. (Low power.) 
Fic. 11.—Case 4: Photomicrograph of primary lymphosarcoma of the ileum. (Low power.) 

The mucosal surface of the tumor was intact except for an ulcerated area 4 Mm. in 
diameter at its mesenteric border. Microscopic examination of the jejunal and metas- 
tatic mesenteric tumors revealed closely arranged large round cells supported by a scant 
fibrous reticulum. Tissue eosinophile leukocytes were abundant in the primary tumor, 
but were scant in the mesenteric lymph nodes. Mitotic figures were not seen in the 
former location, but were present in the metastatic areas (Figs. 8,9 and 10). A diagnosis 


of lymphosarcoma was made. 


Comment.—This small constricting lymphosarcoma resembled grossly 
the most common type of primary malignancy of the small intestine, par- 
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ticularly of the proximal small intestine, namely, an annular carcinoma. It 
is noteworthy that postoperative survival and good health resulted for six 
years, even though there existed metastatic mesenteric nodules and direct 


extension of the tumor to the descending colon. 


Case 4.—S. H., male, age 64, was seen October 28, 1935, complaining of symptoms 
of cardiac failure which had been present four months. For one year the patient 
had been aware of the presence of an abdominal mass which, to his knowledge 
had caused no trouble with the possible exception of a period of repeated vomiting 
which began six weeks before and stopped abruptly and completely two weeks later 
The bowels had always been regular and free from gross evidence of blood. Except 
for heart sounds of poor quality and some moist rales in the bases of both lungs, the 
positive physical findings were limited to the abdomen and both lower extremities—an 
enormous, hard, nodular, immovable mass, which was only slightly tender, occupied all 
of the right side of the abdomen and the upper half of its left side. There was marked 


Fig. 12 Fic. 13 





Fic. 12.—Case 4: Photomicrograph of a field which shows tumor cells which are typical of lym 
phosarcoma. (High power.) 

Fic. 13.—Case 4: Photomicrograph of a field which shows tumor cells suggestive of Hodgkin's 
disease of the ileum. (High power.) 


edema of the lower abdominal wall and both lower extremities. The blood Wasser- 
mann was negative; hemoglobin, 80 per cent; erythrocytes, 4,370,000; leukocytes, 2,325 
to 4,850, and just before death, 850; seven differential counts gave the following per- 
centage values: Polynuclears, 23 to 40; large lymphocytes, 27 to 43; monocytes, 3 to 
11; eosinophiles, 6 to 19; and basophiles, 2 to 8. Four stool examinations gave one 
positive guaiac test. Roentgenologic studies after a barium meal showed no evidence of 
intrinsic involvement of the gastro-intestinal tract. A diagnosis was made of probable 
retroperitoneal sarcoma, and roentgenotherapy started. Death occured from cardiac failure 
three days later. 

Autopsy.—There was found in the terminal ileum a chronic irreducible intussuscep- 
tion extending 2 cm. into the lumen of the distal segment. The lumen of this intus- 
suscepted bowel contained a firm nodule about 3 cm. in diameter and at the distal end 
an irregular, polypoid nodular mass 5 cm. wide, 2.5 cm. long, and 2 cm. thick. In the 
adjacent mesentery was found a mass 7 cm. in diameter. Microscopic examination of 


the tumor revealed closely packed masses of large round or cuboidal cells with occasional 
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mitotic figures. The cells were supported by a scant fibrous stroma. There were oc- 
casional giant cells (Figs. 11, 12 and 13). Pathologic Diagnosis; Primary lymphosar- 
coma of the ileum with metastasis to the mesentery. 

Comments.—This case belongs to the group of primary malignancies of 
the jejuno-ileum which reveals no demonstrable clinical or roentgenologic 
evidence of intrinsic bowel pathology, and therefore presents insurmountable 
handicaps in clinical diagnosis. It is noteworthy, too, that histologic exam- 
ination of this tumor reveals some fields which are typical of lymphosarcoma 
and others which are typical of Hodgkin’s disease of the small intestine. 
This is, therefore, a lymphoid tumor of a borderline type, in which there is 
blending of two histologically different tumors. 

CONCLUSIONS 

(1) Carcinoma and sarcoma of the jejuno-ileum are nearly equal in in- 
cidence, while malignant carcinoid accounts for 6.5 per cent. 

(2) Two-thirds of the primary neoplasms appear in the extremities and 
one-third in the intervening portions of the jejuno-ileal segment. 

(3) Eighty to 90 per cent of carcinomata and malignant carcinoids and 
at least 50 per cent of sarcomata produce mechanical obstruction of the 
bowel. 

(4) Infrequently, there are neither localizing symptoms nor _ positive 
roentgenologic findings of localized intestinal involvement. 

(5) Nonobstructive cases present almost insurmountable diagnostic dif 
ficulties. 

(6) Occult blood in the stool is inconstant and frequently of no ma- 
terial value in differential diagnosis. 

(7) Positive roentgenologic findings of localized intestinal involvement 
are essential for a diagnosis of small bowel neoplasm. 

(8) A clinical diagnosis of jejuno-ileal neoplasm is made correctly in ap 
proximately one-sixth of the cases. 

(9) A positive clinical and roentgenologic diagnosis of malignancy is 
seldom made and rarely warranted by the findings. 

(10) Approximately two-thirds of the cases are operable. 

(11) The operative mortality ig 30 per cent and five year survival less 
than 10 per cent. 
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SURGICAL ASPECTS OF LESIONS OF MECKEL’S DIVERTICULUM 
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ST. LOUIS CHILDREN 8S HOSPITAL AND ST. LOUIS CITY HOSPITAL NO. I, ST. LOUIS, MO 


IN SPITE of the relative infrequence of the occurrence of acute intra 
abdominal conditions as a result of some disease of a persistent Meckel’s di- 
verticulum, the literature on the subject has become quite extensive. This 
is perhaps true because the lesion is not common, the symptoms are dramatic 
and the embryologic malformation easily understood. While it is true most 
of the symptoms seen are the result of intestinal obstruction or peritonitis, 
the mechanism by which the obstruction or the peritonitis may be produced 
is quite varied. During the past few years we have had the opportunity of 
studying a representative series of these lesions and have been able to group 
them into certain well defined types. In view of the fact that most of the 
clinical reports that have been published stress only certain particular types, 
it has occurred to us that such a classification of the surgical aspects of this 
anomaly might be of value. The cases considered will be only those that 
have come to operation and will not include those instances in which a 
Meckel’s diverticulum has been encountered accidentally, not being associated 
with the clinical syndrome for which the operative procedure was undertaken. 
Vitelline cysts, persistent omphalomesenteric ducts, malformations of the 
umbilicus and other anomalies due to omphalomesenteric remains will not 
be considered at this time. An exhaustive review of the literature, likewise, 


will not be undertaken as this has been adequately considered in several recent 


publications, especially those of Curd,' Christie,?7 Greenwald and Steiner,* 


and Schullinger and Stout.* 

Credit for the first mention of what subsequently was to be called Meckel’s 
diverticulum is generally given to J. H. Lavater, in 1672 (quoted by Curd’). 
It seems probable, however, that it was recognized even before then by 
Fabricius who advanced the conception that such diverticula arise from in- 
creased tension in the lumen of the intestine. Certainly Ruysch’ published 
an excellent illustration of the anomaly in 1701. At the turn of the eighteenth 
century, embryologists began to give considerable attention to the origin of 
the intestinal tract. This was crystallized by the appearance of Oken’s and 
Kieser’s™ treatise in which they demonstrated the part played by the yolk 
sac. In their opinion, however, the yolk stalk persisted as the vermiform 
appendix. It was Meckel® who showed the fallacy of this conception and 
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proved that whenever a persistence of the yolk stalk occurred it was always 
found in the lower part of the ileum. His findings have been summarized 
by F. T. Lewis‘ as follows: “An out-pocketing of the human small intestine, 
usually about an inch in length but sometimes several times as long, had 
frequently been observed. It was generally found opposite the mesenteric 
attachment, about three feet from the beginning of the large intestine. Some- 
times it was turned toward the mesentery. Its walls included all of the 
layers that went into the formation of the intestinal tube, with which its 
lumen was in free communication. . . . He saw the diverticulum several times 
in children at birth, once in an embryo of six months and twice at three 
months. Since it is a congenital structure, essentially constant in position, 
Meckel sought to explain it through the normal development of the intestinal 
tract, and concluded as follows: ‘Even into the third month of embryonic 
life a small elevation remains in the lower part of the small intestine as a 
trace of the former connection (with the yolk sac), and if this is retained 
beyond this time it appears as a blind appendage.’ ”’ 

During the succeeding years numerous clinical reports appeared dealing 
with various intra-abdominal lesions produced by a persistent Meckel’s di- 
verticulum. Most of these dealt with various types of intestinal obstruction 
and while several instances of perforation and peritonitis had been reported, 
Fitz,® in the first adequate review found in the American literature, states 
that after an experience of 13 years in the autopsy room at the Massachusetts 
General Hospital, he had never seen a single instance of adhesive peritonitis 
in connection with a diverticulum. It is of historic interest that in this same 
article Fitz states that: “In the region where these congenital causes are 
most frequently met with, an occasional cause of intestinal strangulation, viz., 
the vermiform appendage, is also found.” This was two years before the 
appearance of his epoch-making publication on perforating ulcers of the 
vermiform appendix. In the light of present day knowledge it seems re- 
markable that such complete and accurate studies could have been made on 
the pathology of Meckel’s diverticulum before the recognition of the much 
more frequent disease of acute appendicitis. 

The incidence of Meckel’s diverticulum is between I and 2 per cent accord- 
ing to the majority of statistical reports. The exact location of the diverticulum 
will depend upon the age of the individual and will likewise vary to a certain 
extent in different individuals of the same age. The site is apparently de- 
pendent upon the amount of growth taking place in that portion of the in- 
testine proximal to the insertion of the stalk. In infants- where complete 
growth has not occurred it may be found only a few inches from the ileocecal 
valve, while in adults it may be seen as far as three feet away. In the vast 
majority of instances the presence of a diverticulum produces no untoward 
symptoms. The diameter of the lumen closely approaches that of the ileum 
and the results of retention and obstruction are therefore uncommon. 
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The present study consists of observations made on 19 cases. These have 


been quite varied in their symptomatology and pathologic picture, yet can be 



















grouped roughly into four clinical types: 


(1) Catarrhal inflammation with or without associated regional complica- 
tions. 

(2) Intestinal obstruction. 

(3) Gangrene of Meckel’s diverticulum. 

(4) Peptic ulcer due to the presence of ectopic gastric tissue. 

(1) Catarrhal Inflammation with or without associated regional complica- 


tions. While in this group we had only four cases, catarrhal inflammation of 
Meckel’s diverticulum undoubtedly represents the most frequent type of in- 





Fic. 1.—Photomicrograph of uncomplicated histologic picture of Meckel‘s diverticulum. Note the 
normal ileal mucosa (low power). 

Fic. 2.—Photomicrograph of catarrhal inflammation of Meckel’s diverticulum. The glands ar 
distorted due to edema and exfoliation of the cells. There is infiltration of monocytes and polymor 
phonuclear leukocytes. The picture is one of nonspecific catarrhal enteritis limited to the diverticulum 
(low power). 


flammation. Proof for this statement can be found in the numerous instances 
in which a Meckel’s diverticulum is accidentally encountered giving anatomic 
evidence of a previous, old inflammatory process. This may present itself in 
the form of an organized peritoneal exudate causing adhesions between the 
diverticulum and the ileum at its base or between neighboring loops of in- 
testine. Such adhesions may be the cause of intestinal obstruction, as will be 
discussed later. 

Usually such an inflammatory process does not produce symptoms charac- 
teristic enough to result in its recognition. In one of our patients in which 
such an acute process was present (Fig. 2) the symptoms were those of acute 
appendicitis without the localized tenderness and rigidity generally seen in this 
condition. At operation the diverticulum was edematous and injected and 
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was surrounded by omentum resembling the picture seen in the nonobstructive 
type of acute appendicitis. 

It is quite possible that a diffuse enteritis may remain localized in the 
diverticulum longer than in the rest of the small intestine due to poorer drain- 
age. Because of the difficulty in diagnosis the symptomatology is still poorly 
understood. We have encountered one case in which such a process seemed 
to be instrumental in the production of a regional ileitis. When Crohn? and 
his associates first isolated this specific clinical syndrome from other types of 
intestinal granulomata they described in detail a definite pathologic picture 
but stated that as yet the etiology was not understood. Since then various 
explanations have been offered, but so far all efforts to explain it on the 
basis of a specific type of infection have failed. Bockus and Lee! have stated 
that: “It is not unreasonable to postulate that any primary inflammatory 
mucosal disease in the terminal ileum might in the end resemble the entity 


1! have shown that 


under discussion.” More recently Reichert and Mathes 
an identical pathologic picture can be produced in an animal by the experi 

mental production of intestinal lymphedema and thus add further evidence 
to the conception that a localized inflammatory process in the terminal ileum 
may through the presence of a chronic lymphangitis eventually produce such 
a picture. 

This patient (Case 2) complained of intestinal cramps and constipation of 
about two years’ duration. The findings at operation were characteristic of 
so-called “regional ileitis,’ beginning in the distal ileum just proximal to a 
Meckel’s diverticulum and ending abruptly at the cecum. The wall of the 
diverticulum was in keeping with that of the remainder of the distal ileum. 
The mucosa was edematous and slightly hyperplastic. In several areas there 
were large accumulations of lymphoid material in the mucosa tending to dis- 
place the epithelium. The submucosa was markedly thickened due to edema 
as was the muscularis. There was a moderate amount of growing fibroblastic 
proliferation around the serosa (Fig. 3). 

It is quite possible that the presence of the Meckel’s diverticulum in this 
patient had nothing to do with the etiology of the process. The presence of a 
localized area of chronic enteritis in such a diverticulum, however, must be 
considered seriously as a causative factor. 

Occasionally a patient is seen with the clinical picture of peritonitis which 
at operation is found to be due to a perforation of a localized ulcer in a Meckel’s 
diverticulum. Careful examination of the tissue will show no evidence of 
ectopic gastric mucosa or pancreatic tissue. The cause of-such a perforation 
may be a nonspecific, necrotizing type of inflammation or pressure necrosis 
from an impacted fecalith. Quite often, however, it is impossible to demon- 
strate the latter. We have had two such instances (Cases 3 and 4). In one 
of these the perforation was slow and at operation a well walled-off abscess 
was found. In the other the symptoms were fulminant and resembled to a 
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Fic. 3. Photomicrograph of the wall of the diverticulum involved in the regional ileitis. 
Note the massive edema of the submucosa with the presence of a lymphoid nodule immediately 
beneath the epithelium. The epithelium is desquamating into the lumen in several places. The 
muscularis stains poorly and is likewise edematous. 
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Fic. 4.—Photomicrograph of the edge of a nonspecific ulcer which had perforated causing 
localized peritonitis. There is no evidence of ectopic gastro-intestinal epithelium seen. The 
picture is that of a localized area of necrosis. 
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considerable degree the picture of a perforated duodenal ulcer (Fig. 4). In 
neither case was it possible to explain adequately the cause of the perforation. 

(2) Intestinal Obstruction We have observed five instances in which 
some type of intestinal obstruction resulted from the presence of a Meckel’s 
diverticulum. As has been stated, early reports of lesions of Meckel’s diver- 
ticulum were for the most part concerned with intestinal obstruction. Indeed, 
Meckel himself called attention to the fact that the persistent remnant of the 
yolk stalk or the omphalomesenteric vessels extending down to the tip of the 
diverticulum could easily act as a band causing such an obstruction. This is 
probably the mechanism in what is perhaps the first reported case of intestinal 
obstruction due to this cause, namely, that of Van Doeveren as described by 
Sandifort,!* in 1793. These bands do not necessarily always lead from the 
tip of the diverticulum to the umbilicus but may have many bizarre attachments, 
the mesentery being perhaps the most common. The defect produced is gen- 
erally that of a tunnel through which loops of bowel may migrate and subse- 
quently become strangulated. At other times a diverticulum may become 
twisted upon itself and in so doing obstruct an adjacent loop of bowel. A 
number of these methods have been described by Cullen'* with accompanying 
illustrations. That the tip of a diverticulum may become adherent to a distant 
point as the result of a peritonitis secondary to diverticulitis and serve as a 
cause of obstruction is well illustrated in Case 3. Earlier writers, especially 
Fitz, either doubted the occurrence of such a condition or else thought it 
extremely rare. We have observed it several times. 

A Meckel’s diverticulum acting as the starting point for an intussusception 
of the ileum, while observed before, is still rare enough to warrant a detailed 
description. 

Case Report.—M. B., white, female, age 11, entered the St. Louis Children’s Hos- 
pital, December 10, 1935, with the complaint of abdominal pain and vomiting for six 
days. Her past history was uneventful with the exception of a slight attack of nausea 
and headache a year previously, for which there had been no explanation. At noon, 
six days before her admission to the hospital, she experienced sharp, shooting pains in 
the abdomen localized about the umbilicus. This had been preceded shortly before by 
diarrhea. During the afternoon she began to vomit and continued to do so at intervals 
until her admission. She had been given repeated enemata with no results after the 
first one with the exception of the presence of blood first noted two days before ad- 
mission. Distention had been present for 24 hours. 

Physical Examination.—She appeared acutely ill, but was alert and cooperative; the 
eyes appeared sunken ind the skin was dry and gray. There was a slight nasal dis- 
charge. The lips were dry and cracked. The pharynx was injected. The chest was 
normal; pulse 120. The abdomen was distended and tender throughout, the right side 
more so than the left. There was no rigidity. Rectal examination revéaled no masses 
but definite peritoneal tenderness. An enema revealed a few flecks of blood. Tem- 
perature, 38° C. White blood count, 11,000. 

After parenteral fluids had been given, a celiotomy was performed by Dr. W. H. 
Cole. A large quantity of straw-colored fluid escaped from the abdomen. The small 
intestine was greatly dilated and filled with fluid. An obstruction was located about 
six \inches above the ileocecal valve. It was obvious that an inttrssusception had oc- 
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curred at this point and that the ileum for a distance of about six inches was filled 
with intussuscepted ileum. Reduction was impossible due to gangrene. Accordingly the 
mesentery was divided and a resection performed, the ends of the bowel being brought 
out in double-barrel fashion. A clamp was placed on the lower loop and a catheter 
in the upper loop. The wound was closed and a blood transfusion given. With the 
exception of a moderate amount of infection around the ileostomy wound, which readily 
cleared up, convalescence was uneventful. The ileostomy was closed February 13, 1936. 
The distal loop was too short for an end-to-end anastomosis and accordingly was closed 
and the proximal loop anastomosed to the cecum end-to-side. Convalescence was un- 
eventful and the patient was discharged March 12, 1936. 

Pathologic Examination.—Gross: The material consisted of a piece of the terminal 
ileum. Because of the gangrene present it was impossible to reduce the intussusception 
and still keep the gut intact. By splitting the wall of the intestine, however, it was 
possible to see each of the layers and by doing this demonstrate that the intussusception 
contained three layers of intestine in the center of which was a Meckel’s diverticulum, 
the tip of which was quite swollen, there being considerable necrosis of the entire di- 
verticulum. It is apparent from the appearance of this specimen that the diverticulum 
was the cause of the intussusception. 

Microscopic—A section taken through the diverticulum showed tissue difficult to 
demonstrate because of necrosis. The mucosa was completely destroyed as was the 
submucosa, only a small piece of the longitudinal muscle remaining. There was infiltra- 
tion by pus cells. The picture was that of intestinal strangulation. 


(3) Gangrene of Meckel’s Diverticulum.—The diverticulum generally 
projects from the convex or antimesenteric surface of the ileum. It may or 
may not have a mesentery. Where none exists the diverticulum is often 
found in close approximation to the intestine, receiving its blood supply from 
the intestinal wall. Where a mesentery exists remnants of the omphalomesen- 
teric vessels may at times be found. As a rule the blood supply comes from 
the mesentery of the small intestine, passes over the ileum and spreads out 
in a capillary network over the wall of the diverticulum. It is quite possible 
at times that the blood supply may be insufficient for excessive demands. In 
such instances the pathologic sequence is comparable to the changes taking 
place in acute obstruction of the vermiform appendix. The lumen of the 
diverticulum, including its orifice, is generally large, often approaching the 
diameter of the ileum from which it arises. For this reason obstructive phe- 
nomena are not as common as would be present in a structure where retention 
of fecal material and the formation of fecaliths is more frequent. We do feel, 
however, that a localized obstruction to the lumen of the diverticulum can 
occur with distention and secondary vascular changes with gangrene. We 
have observed one instance in which the process had become gangrenous and 
had separated from the ileum at its base just as is the case in acute appendicular 


obstruction. 


Case Report.—J. B., male, age 26, was admitted to the St. Louis City Hospital, 
August 21, 1935, with the complaint of severe, acute abdominal pains localized over the 
lower abdomen, which had begun suddenly two hours before admission. There had 
been no previous attacks. The pain had been followed shortly by nausea and vomiting 
Further questioning revealed that the patient had eaten a dinner of corn “roasting ears,” 
and about five hours later the pain began. 
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Physical Examination revealed a well developed and well nourished young man, 
moaning with pain and rolling about in bed. There was a tendency for him to keep 
both knees flexed and hold his hands over the abdomen. In general the objective find- 
ings were negative except for those in the abdomen. This was not distended and 
moved with respirations. There was considerable tenderness just below and to the right 
of the umbilicus which was not associated with either rigidity or muscle guard. There 
was rebound tenderness across the entire lower abdomen. No masses were palpable. 
Rectal examination revealed tenderness high on the right side but was otherwise negative. 
The temperature, pulse and respirations were normal, as were the blood and urine studies, 
except for a leukocytosis of 15,000. 

Operation—The abdomen was opened through a lower right paramedian incision 
There was an escape of about 200 cc. of clear fluid. The entire terminal ileum and 
cecum were distended with whole grains of corn. The appendix was slightly injected, 
long and extended toward the midline. While obviously not the cause of the symptoms, 
it was removed and the stump inverted. Further exploration showed a cyanotic Meckel’s 
diverticulum, which was markedly distended with corn. The gross appearance was that 
of an early intestinal obstruction. The diverticulum was removed and the opening closed 
and inverted. Convalescence was uneventful. 

Pathologic Examination——The mucosa of the diverticulum resembled that of the 
ileum. No ectopic tissue was seen. The outstanding feature was the presence of ex- 
tensive venous congestion and submucosal hemorrhage, such as is seen in early intestinal 
obstruction. Upon section, the lumen of the appendix contained a few half grains of 
corn. The vessels were slightly injected but microscopically the wall showed no evi- 
dence of necrosis or cellular infiltration. 

We have observed evidence of strangulation of the diverticulum on four 
occasions. In one of these the necrosis was so complete that no explanation 
of the origin was possible. 

(4) Peptic Ulcer of Meckel’s Diverticulum.—Ulcer of Meckel’s diverticu- 
lum associated with the presence of ectopic gastric mucosa has been noted 
only relatively recently. Such glandular tissue was first described around the 
umbilicus by Tillmanns,’* in 1882. This was a pedunculated polyp that ex- 
tended out from the umbilicus of a boy, age 13. The tumor secreted a fluid 
that would digest fibrin in an acid medium. It was removed and microscopic 
examination revealed the presence of tissue identical to that of the stomach 
mucosa. Following this report, others noting similar phenomena were pub- 
lished. While perforating ulcers of the base of the diverticulum were also 
being reported, exact identification of the presence of gastric mucosa in a 
diverticulum was not apparent until’ Salzer,’ in 1904, described the prolapse 
of a Meckel’s diverticulum, containing gastric mucosa, through the umbilicus. 
The association between the gastric mucosa and the perforating ulcer was 
made by Schaetz,'® in 1925, who showed the marked similarity between peptic 
ulcers of the stomach and duodenum and those penetrating ulcers often seen 
associated with a Meckel’s diverticulum. He showed the presence of gastric 
epithelium in five out of 30 patients, and explained the frequent occurrence 
of intestinal hemorrhage before the perforation as being due to such ulceration. 
In the few years since then numerous other reports have followed until a 
very well defined clinical and pathologic picture is now recognized. The 
circumscribed punched out ulcer is generally seen at the junction of the gastric 
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mucosa with that of the ileum, although this is not always the case (Fig. 5). 
Not only has the presence of such an ulcer been explained as due to the 
pouring of acid gastric secretion over the ileal mucosa, but also has been 
used as evidence of the peptic genesis of gastric and duodenal ulcers by Lindau 
and Wulff.'* Dragstedt,'* in discussing this pathogenesis of diverticular ulcers, 
draws attention to the fact that it likewise offers further proof of the humoral 
mechanism governing gastric secretion as maintained by Ivy and Farrell.!® 

The outstanding single symptom that distinguishes this lesion is bleeding 
from the rectum. In the vast majority of cases it has occurred in children. 
It can be distinguished from the hemorrhage in those relatively rare cases of 
bleeding peptic ulcers of the duodenum in children by the fact that the blood 
is generally more profuse and is also red. It is likewise not mixed with the 





Fic. 5.—Photograph of the gross specimen showing a 
perforating peptic ulcer of Meckel’s diverticulum. The ulcer- 
ation can be seen at the junction of gastric and ileal mucous 
membrane 


stool, as is the case in duodenal ulcers and intussusception. Such hemorrhage 
is occasionally seen in patients with rectal polyps but such a lesion can be 
ruled out by proctoscopic examination. Pain may or may not be present. Un- 
less the ulcer is beginning to perforate it is not unusual to find no associated 
abdominal findings. These hemorrhages may be recurrent and appear at in- 
tervals, months before perforation, and may result in a severe secondary 
anemia. In 66 collected cases of peptic ulcers of Meckel’s diverticulum, 
Schullinger and Stout found that hemorrhage had been mentioned as being 
present in 51, or 75 per cent. So characteristic is this hemorrhage that Abt 
and Strauss*° have operated upon three such patients before perforation, and 
removed a diverticulum in each case that contained an ulcer associated with 
ectopic gastric mucosa. 

When perforation occurs, the signs and symptoms are those associated with 
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any sudden, massive soiling of the peritoneal cavity: namely, pain, nausea, 
vomiting and abdominal rigidity and tenderness. Certainly the presence of 
such an acute abdominal catastrophe with a history of rectal hemorrhages 
should usually make the diagnosis apparent. 


Case Report.—L. O., white, male, age 10, was admitted to the St. Louis Children’s 
Hospital, February 12, 1934, with the complaint of blood in the stools. At the age of 
four, preceding an attack of measles, the child had fainted for no apparent cause. Since 
then he had had four such attacks, the last the day before admission. He would become 
unconscious, fall to the floor with arms and legs drawn up and after a few minutes 
would appear normal again. He had occasional attacks of nose bleed. The day before 
admission the boy passed a large quantity of dark blood in his stool and shortly after- 
ward fainted. A similar stool was passed on the day of admission but was not asso- 
ciated with fainting. During the past six or eight months he had complained of vague 
pains about the navel that came and went and which were not associated with nausea 
ard vomiting. 

Physical Examination was negative with the exception of several bruises on his 
legs, enlarged tonsils and a moderate anemia. Erythrocytes, 3,440,000, hemoglobin, 70 
per cent. Proctoscopic examination showed no cause for the bleeding. <A gastro- 
intestinal roentgenologic examination revealed a pathologic appendix, due to the presence 
of fecaliths. Platelet count, clotting and bleeding time, normal. There was no further 
evidence of blood in the stools, other than the mother’s statement, and after observation 
the child was discharged February 109, 1934. 

He was readmitted to the hospital, March 3, 1934, with the history that he had 
been weak and listless since his discharge. The day before his second admission bright 
red blood had been noted in two stools. He had fainted twice. There had been no 
pain, nausea, or vomiting. On the day of admission he had passed bright blood in two 
stools and dark blood in the last. He had fainted on two occasions. At this time the 
red blood count was 2,000,000 and the hemoglobin 60 per cent; white blood count, 17,000. 
He was given a blood transfusion. Again there was no evidence of bleeding from the 
rectum upon examination of the stool and further proctoscopic examination was negative. 
On March 10, 1934, he complained of pain in the right lower quadrant which was 
associated with tenderness and muscle guard, which subsided quickly. An enema given 
at this time showed no blood in the return. 

Operation—(Dr. Peter Heinbecker): The abdomen was opened through a right 
rectus incision, and a moderate amount of thin, turbid, odorless yellow fluid escaped. 
About 18 inches from the ileocecal junction a Meckel’s diverticulum, about two inches 
long, was found with a perforation at its base at the junction with the ileum. The tip 
was buried in the mesentery, and there was a fresh deposit of fibrin on the bowel in 
this region. The diverticulum was excised, and because of the edema of the bowel 
wall, a catheter inserted. The wound was closed with no further drainage. The post- 
operative course was uneventful. The ileostomy tube was removed several days later 
and the patient discharged two weeks after the operation. 

Microscopic Examination of the diverticulum showed characteristic gastric mucosa 
except at the base where there was a perforating ulcer containing a considerable amount 
of old fibrous tissue, indicating that it had probably been present for some time. 


Discuss1on.—Table I shows some of the features of the 20 cases of lesions 
associated with a Meckel’s diverticulum that have produced acute abdominal 
conditions. Such a series is too small to warrant any statistical analysis be- 
cause of the obvious percentage of error that would arise as a result of coinci- 
dence. Certain features, however, are in accord with other reports. Males 
predominate markedly. Almost one-half of the cases are in children, age 10 or 
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TABLE 


Gross Appearance 


Edema and cvanosis of di- 


verticulum 


Regional ileitis 
from diverticulum to 
cecum 


Perforated ulcer with 


ciated peritonitis 


Perforating u'cer of tip o° d: 
verticulum with adhesicns 


to intestine 


Intussusception 


ileum beginn :y 


verticulum 


Obstruction at site 
vious removal o! Meckel’s 
diverticulum 
Intestinal obstruction due to 
persistent omphalomes- 
enteric vessels with 
grene of diverticulum 


diverticulum in 
hernia 

Gangrene of diverticulum 
with perforation and ab- 
scess formation 

Necrosis of diverticulum 
with peritonitis 

Distention of diverticulum 
with corn, with 
and cyanosis 


No history of rectal 


base of diverticulum with 
peritonitis 
History of rectal bleeding. 
Perforating ulcer at base of 
diverticulum with perito- 


nitis 


231 


strangulation 


Perforating ulcer at 





KEL’S DIVERTICULUM 


Microscopic 
Appearance 


Catarrhal inflam- 
mation with ero- 
sion of epithe- 
lium 

Lymphoid inva- 
sion. Edema of 
entire wall 

Perforating ulcer 
of diverticulum 
with no asso- 
ciated ec opic 
tissue 

Perforating ulcer 
of diverticulum 
with no  asso- 
ciated ectopic 
tissue 


Necrosis 


Gangrene of di- 
verticulum 


Early strangula- 
tion 


Necrosis 


Necrosis 


Early gangrene of 
entire wall of 
diverticulum 

Ectopic gastric 
and pancreatic 
tissue 


Ectopic gastric 
mucosa 





Result 


Recovery 


Re overy 


Death 


Recovery 


Recovery 


Recovery 


Re overy 
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Recovery 
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TABLE 1 (Continued 


Microscopic 


Name Age Sex Group Gross Appearance Appearance Result 
A. Hi. 6 F. 4 No history of rectal bleed- Ectopic gastric Recovery 
ing. Perforating ulcer at mucosa 


middle of diverticulum at 
edge of gastric mucosa 
L. O. 10 M. 4 History of rectal bleeding. Ectopic gastric Recovery 
Perforated peptic ulcer at mucosa 
base of diverticulum 
S. F. 2 days F. 4? Massive rectal hemorrhoid ? Death 
shortly after birth with di- 
verticulum and intestine 
distally filled with blood 
W. B. II M. 4 No history of rectal bleed- Ectopic gastric Recovery 
ing. Perforated ulcer at mucosa 
base of diverticulum with 
peritonitis 


E. H. 14 M. 4 Rectal bleeding. Acutely in- Ectopic gastric Recovery 
flamed diverticulum. No mucosa 
gross ulcer 

1.8. 19 M. 4 No history of rectal bleed- Ectopic gastric Recovery 
ing. Acutely inflamed di- and duodenal 
verticulum with no area of mucosa 
perforation. No gross ulcer 

under. Approximately one-half of the cases are associated with obstruction 


of the diverticulum itself or obstruction of adjacent loops of intestine. This 
is interesting in view of the fact that Griffith?’ in describing various types 
of diverticulitis, quotes Halsted? as stating that in a series of 991 cases of 
intestinal obstruction he found that 6 per cent were due to the presence of a 
Meckel’s diverticulum. 

Two of our cases illustrate the apparent ease with which the blood supply 
to a diverticulum may become jeopardized. In one (H. C.) persistent om- 
phalomesenteric vessels extended ina cord-like fashion from the end of a 
diverticulum to become attached in the mesentery of an adjacent loop of 
ileum. <A loop of bowel slipping under this cord had become completely 
obstructed. The blood supply to this bowel, however, was still adequate while 
that of the diverticulum had been completely cut off and gangrene had super- 
vened. Apparently the blood supply to the diverticulum could not stand as 
much interference as could that of the normal gut. In the other case (S. L.), 
that of an incarcerated ventral hernia in the sac of which ileum was present 
containing a Meckel’s diverticulum, there was evidence of early strangulation 
of the diverticulum while the remainder of the bowel showed no evidence of 
circulatory change. 

In view of the relative infrequency of disease of Meckel’s diverticulum and 
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the apparent frequency of the occurrence of the structure, obviously the vast 
majority produce no symptoms. The lumen is large and the musculature 1s 
well developed, so that emptying apparently occurs quite satisfactorily. For 
this reason judgment must be used as to whether or not the diverticulum 
should be removed when it is encountered accidentally while operating for 
some other condition. Case A. H. illustrates this fact. This four year old 
boy had been operated upon for acute appendicitis a year previously. A 
diverticulum was present in the operative field and although the appendix had 
perforated, the diverticulum was removed at the same time. He developed 
signs of acute intestinal obstruction a year later and at operation the obstruc- 
tion was found to be due to a band of adhesion which had its origin at the 
site of the diverticulum. 

In this series there were seven cases of ulceration due to the presence of 


ectopic gastric mucosa (Fig. 6). In three of these there was no history of 





Fic. 6.—Photomicrograph showing normal gastric mucosa found adjacent to the ulcer seen in Figure 5 
Fic. 7.—Photomicrograph showing both gastric and duodenal glands. While this patient gave a 


history of both recurrent rectal hemorrhage and pain, no evidence of ulceration was seen in the gross 
specimen. The mucosa was hypertrophic 


hemorrhage. All but one had perforated at the time of operation. Six re- 
covered. It is interesting that many of these ulcers occur relatively late in 
childhood. If the presence of an acid secretion alone is sufficient to produce 
ulceration, one would expect that this would be predominantly a disease of 
infancy. It is quite possible that the presence of local trauma also plays a part. 

In one of our cases duodenal mucosa was also present along with the gastric 
glands (Fig. 7). The hyperplasia of this tissue was quite marked, almost 
filling the lumen and giving an adenomatous appearance. Although the pa- 
tient gave a history of intestinal hemorrhages for several years, we were unable 
to demonstrate the point of ulceration. The appearance bore a striking re- 
semblance to the case reported by Schullinger and Stout. In their quite com- 
plete review of the literature they were unable to find another reported example 
of gastric and duedenal gland adenoma. 

Another of our cases presented a nodule of pancreatic tissue in the wall of 
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the diverticulum along with associated gastric mucosa (Figs. 8 and 9g). The 
pancreatic tissue was apparently normal in every respect and had not seem- 
ingly entered into the ulcerative process. Islets were present, as one would 
expect, due to the common origin of islet and acinar tissue. The presence 
of aberrant pancreatic tissue in a Meckel’s diverticulum has been recognized 
for many years,” yet its occurrence is extremely rare. In a recent review of 
the subject Hunt and Bonesteel** were able to find only 13 recorded cases. 
To this they have added one of their own. The above case, therefore, would 
make the total 15. 

Adequate explanation of the presence of heterotopic gastric mucosa in the 
diverticulum, as is true with other ectopic tissue, is not easily obtained. De- 
tachment of the vitelline duct has generally occurred by the time the 7 Mm. 
stage is reached in the embryo, although this is not always constant as its 
presence has been noted in embryos of a later stage (12.4 Mm. and 13.6 Mm.). 


Fic. 8 Fic. 9. 





Fic. 8.—Photomicrograph of a longitudinal section through a Meckel’s diverticulum showing gastric 
glands in the mucosa associated with a nodule of pancreatic tissue attached to the wall. This patient 
had a perforating ulcer at the junction of the diverticulum and ileum (low power). 

Fic. 9.—More highly magnified photomicrograph of an area of Figure 8 showing the close proximity 
of the pancreatic tissue to the wall of the gut 


It would seem, therefore, that by the time this age is reached in the embryo 
any persistent pouch from the vitelline duct would be already formed. Cer- 
tainly this occurs considerably earlwer than the gastric glands become dif- 
ferentiated in the stomach. As a general rule eosinophilic and parietal cells 
have not become differentiated from each other until the 120 Mm. stage (Kei- 
bel and Mall). The theory that this tissue arises from dislocated or misplaced 
gastric or other adventitious cells would, therefore, seem to be untenable. 
The other conception that has been advanced is faulty differentiation by the 
primitive endoderm. While this has been the preferred explanation of most 
observers the exact reason for this faulty differentiation has resulted in no 
unanimity of opinion. At the present time it is not subject to experimental 
proof. 

Mammalian cellular differentiation is poorly understood in many of its 


aspects. While in times past it has been simple to expla'n the presence of 
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ectopic tissue by assuming the dislocation of predetermined cells, adequate 
proof of either the dislocation or the predetermination has not been easy. The 
conception of an “organizer” substance as advanced by Spemann*’ has been 
developed considerably during the past decade and has much to offer in the 
explanation of such phenomena. While more of the earlier work*® was con 
cerned with symmetry and form, more recently much of it has had to do with 
functional cellular change and local organizer effects. Apparently this de 
terminism is progressive. Various fields may influence each other. An ex- 
ample may be seen in the relationship between the buccal ectoderm and endo 
derm in tooth formation. Stroer?* has recently shown that teeth are formed 
from the buccal ectoderm. However, this ectoderm is dependent upon ihe 
buccal endoderm that lies directly beneath it for its power. If this endoderm 
be removed the ectoderm develops into epidermis. Besides spatial effects on 
cellular differentiation, physical and chemical action may play no small part. 

When this complex arrangement is considered, it does not appear re 
markable that a persistent rudiment such as a Meckel’s diverticulum should 
show the presence of other tissues of the gastro-intestinal tract than that of the 
ileum. The exact mechanism of the appearance of this tissue, however, will 
not be evident until detailed cellular differentiation in the mammalian gastro 


intestinal tract is better understood. 


CONCLUSIONS 


(1) Nineteen cases of various aspects of acute abdominal lesions associated 

with Meckel’s diverticulum are reported. 
(2) These cases are divided into four distinct groups, each of which is 

discussed in detail. 
(3) The mechanism of the occurrence of ectopic tissue in the wall of a 

Meckel’s diverticulum is discussed briefly. 
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TRAUMATIC RUPTURE OF THE BILE DUCTS 


¥ 
KENNETH M. Lewis, M.D. 
New York, N. Y. 


RUPTURE of the bile ducts is an interesting and rare complication of trau 
matism of the right upper quadrant of the abdomen. Rudberg,! in 1921, 
reviewed the subject and collected 41 cases. Garrett,? in 1900, reported a 
case, and Walter Spencer,® in 1898, also cited an instance. Since 1921, we 


+ Anders« yn, 


have been able to find only six additional cases reported (Long, 
Just,® Leclerc,’ Wallace and Spiro,® and Edington’). These six cases with 
the 41 collected, in 1921, by Rudberg, bring the total number of cases in the 
literature, to date, to 47. 

Etiology—The cause of rupture of the bile ducts is practically always a 
crushing trauma to the right upper quadrant of the abdomen in the region of 
the costal margin. Why the hepatic or common bile duct should be torn 
without any associated laceration in the liver, as is the situation in most of 
the cases reported, is difficult to understand. The explanation that seems 
logical is that the force is applied in such a direction as to crush the ducts 
between the liver and the bodies of the vertebrae at that level. The absence 
of fractures of the ribs or of injury to any of the hollow viscera in the 
abdomen is difficult to explain. In the case herewith reported, the trauma 
consisted of the patient’s being crushed between two automobiles, and this 
cause was also noted in the case reported by long. 

Clinical Findings —In most of the case histories reviewed, it has been 
noted that the patients were in rather profound shock at first, and complained 
of severe pain in the region of the liver. The shock was usually of rather 
short duration, and was recovered from within a few hours. At the end 
of from one to ten days, considerable increase in the size of the abdomen 
was noted, which in all cases was found to be due to fluid. Associated with 
this fluid accumulation in the abdomen, the patients developed increasing 
jaundice, clay-colored stools, bile in the urine, and in most instances a gradu- 
ally rising temperature with a progressive toxemia. They usually appeared 
critically ill, and complained of profound exhaustion, which had rapidly in- 
creased in degree. 

In our own case, we were somewhat confused by signs of consolidation 
at the base of the right lung, which developed 24 hours after the injury. 
Pneumonia has not been a frequent complication ; and the diagnosis of rupture 
of the biliary ducts should readily be made if the cardinal signs of rapidly 
increasing fluid in the abdomen, jaundice and clay-colored stools are borne 
in mind. There can be no other intra-abdominal condition which can simu- 


late these findings, but if a question of differential diagnosis does arise, 
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paracentesis will yield large quantities of pure bile from the peritoneal cavity. 
Fortunately, the bile remains uninfected, and whereas all of the abdominal 
organs become deeply bile stained, the finding of a real suppurative peritonitis 
has so far not been reported. 

Treatment.—Exploratory celiotomy is, of course, primarily indicated, 
preferably through a right, upper rectus muscle-splitting incision. Upon 
opening the peritoneum, there is an escape of large quantities of pure bile 
from the peritoneal cavity, seven quarts being aspirated through the abdominal 
incision in our case. 

Exploration of the right upper quadrant will show the tear if it is situ- 
ated in the common or cystic ducts, but if in the hepatic duct, it frequently 
cannot be seen. The diagnosis in such a case may be made by the constant 
stream of bile which may be seen pouring down from the region of the hepatic 
duct, high up under the liver. In most of the cases operated upon, the primary 
treatment has usually been conservative, as the patients are usually pro- 
foundly ill and cannot withstand any extensive surgery. Simple drainage by 
means of a cigarette drain down to the site of the tear is to be recommended, 
without any attempt at suture repair, even in those cases where the tear is 
visible. Repair of a rupture of the hepatic duct is usually technically im- 
possible due to its inaccessibility. Closure of the abdominal wound in layers, 
followed by adequate postoperative supportive measures, particularly the ad- 
ministration of large amounts of fluid, both by vein and hypodermoclysis, is 
indicated. If the patient has been operated upon before the toxemia has be- 
come too profound, recovery from the immediate condition usually ensues. 
There is a drainage of bile from the abdominal wound for a period varying 
from several weeks to several months. At the end of this time the tear in 
the bile duct usually heals spontaneously and the biliary fistula closes. A 
stenosis of the duct at the site of the tear may occur, which complication 
unfortunately occurred in our case. If the original tear and the subsequent 
stenosis are in the common duct, secondary operation with a cholecysto- or 
choledochoduodenostomy or a cholecysto- or choledochogastrostomy may be 
performed, but if the tear is situated high up in the hepatic duct, the relief 


of the ensuing jaundice due to the stenosis is a most difficult problem. 


Case Report.—F. S., male, age 49, truckman by occupation, was admitted to the 
Fourth Surgical Division of Bellevue Hospital, July 30, 1931, with a history of having 
been crushed between two trucks shortly before admission. The trauma involved the 
right upper quadrant of the abdomen in the region of the costal margin. When first 
seen by the ambulance surgeon, the patient was in moderate shock, which had, however, 
subsided by the time he was admitted to the hospital, although considerable pain in 
the region of the right costal margin was complained of. He refused to stay in the 
hospital, and as immediate examination revealed no apparent serious injury, he was 
allowed to go home with the right side of the chest strapped with adhesive plaster. 
On August I, 1931, two days later, the patient returned to the hospital, complaining 
that there had been a progressive increase in the pain in the right upper quadrant of 
the abdomen. He had developed a cough, vomited once, and his temperature was ror® F. 
He appeared acutely ill, was quite weak, and was in a profuse perspiration. 
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Physical Examination revealed a distended abdomen, with marked tenderness and 


rigidity in the right upper quadrant. Examination of the lungs disclosed dulness, 


bronchial breathing, and showers of fine crepitant rales at the right base. A diagnosis 
of right lower lobar pneumonia was made. The patient’s temperature ranged between 


101° and 104° F.; pulse, 100 to 130. The distention of the abdomen grew progressively 
more marked each day, which was thought at first to be the result of a paralytic ileus, 
consequent to the pneumonia. On the fourth day it was noted that there was a large 
amount of fluid in the abdomen. At this time the patient also first began to become 
jaundiced, and bile was found in the urine. Twenty-four hours later, or seven days 
after the injury, the jaundice had become very marked, the stools were clay-colored, 
the abdominal distention had increased tremendously, and the urine showed large quan- 
tities of bile. There was persistent localized tenderness over the right upper quadrant 
of the abdomen, and the pneumonia in the right chest showed signs of resolution 
Diagnosis of rupture of one of the bile ducts was made. 

O peration—August 9, 1931, 11 days after the injury: The abdomen was opened 
through a right upper rectus incision, and was found to contain an enormous amount 
of free bile. About five quarts were aspirated, and it was estimated that another two 
quarts were lost in spillage. All the abdominal contents were deeply bile-stained. Ex- 
ploration showed no tear in the liver, gallbladder, cystic or common ducts. A constant 
stream of bile was seen to be seeping from the region of one of the hepatic ducts, but 
the actual tear in the duct could not be identified. In view of the patient's poor con 
dition, further exploration was deemed inadvisable. A cigarette drain was inserted into 
Morrison's pouch, and the wound closed in layers. 

Postoperative Course—Convalescence was somewhat stormy for the first few days 
There was a profuse drainage of bile from the wound, which continued unabated for 
about ten days. The jaundice gradually disappeared, but the stools continued to be clay- 
colored. The bile gradually disappeared from the urine. On September 4, 10931, 27 
days after the operation, the patient was discharged, with a small sinus still draining 
bile, and with the stools still clay-colored, but with the other symptoms having disap- 
peared. One month later the sinus had healed, the discharge of bile had ceased, and 
normal color had returned to the stools. In November, 1931, two months later, the 
patient was again admitted to the hospital with a history that during the preceding 
month, he had become gradually more and more jaundiced and that the stools had 
again become very light in color. Icteric index at this time was 35; the urine showed 
a large amount of bile. It was felt at this time that the patient’s original injury had 
been a laceration of the common hepatic duct, that the laceration had spontaneously 
healed, and that, unfortunately, the scar tissue healing had contracted down with a 
resulting stenosis. The patient was kept under observation in the hospital for one 
month, during which time repeated biliary drainages would produce a temporary flow 
of bile into the duodenum, but at no time did the jaundice entirely disappear. Further 
exploration of the abdomen was decided upon in an attempt to relieve the stenosis. 

Second Operation.—January 16, 1932: A right upper rectus incision was made, ex- 
cising the original scar. The gallbladder, duodenum, stomach and transverse colon 
were found matted together by extremely firm, dense adhesions. These were separated 
by both blunt and sharp dissection with great difficulty. The common bile duct was 
finally exposed, and was followed upwards beyond its junction with the cystic duct, into 
the sulcus in the liver. Scar tissue could then be felt in the common hepatic duct, 
high up under the liver, but it was impossible to expose the stricture so that it could 
be seen. In view of its inaccessibility, and the fact that any reconstruction operation 
would not be feasible, it was decided that it would be unwise to proceed further. The 
wound was closed in layers with a cigarette drain left in, in case there was any oozing 
which might take place from the raw surfaces. 

Postoperative Course.—Five days postoperative, a duodenal fistula developed, prob- 
ably as a result of necrosis where a ligature had been applied to the anterior duodenal 
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wall to control bleeding from an adhesion. This condition proved to be quite stubborn, 
but ultimately healed after a period of five weeks’ continuous suction of the fistulous 
tract. The jaundice spontaneously subsided, and it had entirely disappeared by April, 
1932. As a result of the infection of the wound from the duodenal fistula, a ventral 
hernia developed, which was repaired in May, 1033 
Follow-Up.—The patient has now been kept under observation for a period of over 
six years. Duodenal drainages are instituted once or twice a week, and if these are 
persisted in, the patient remains quite comfortable. There is always a residual jaundice 
which becomes intensified if the biliary drainages are allowed to lapse. Normal color 
returned to the stools shortly after the second operation. The biliary drainages always 
produce a good quantity of golden-yellow bile, but no concentrated green bile is ever found. 
About once every six months the patient has an attack of severe pain in the right 
upper quadrant of the abdomen, associated with a sudden increase in the intensity of 
the jaundice and a lightening in the color of the stools. There is usually a rise in 
temperature to 102° or 103° F. ‘These attacks are relieved by hypodermics of mor- 
phine sulphate grains one-quarter, plus an icecap to the gallbladder region, followed 
shortly thereafter by duodenal drainage. One would assume that on these occasions the 
bile may become somewhat inspissated at the site of the stricture, causing a sudden 
complete obstruction with back pressure on the hepatic radicals in the liver. The attacks 
are always over within a day or two and do not recur with any great frequency. 
Further exploration of the abdomen in this case has been considered, but in view 
of the experience at the second operation at which the adhesions were found to be so 
dense and extensive, and because of the inaccessibility of the site of the stricture, to 
gether with the fact that the patient gets along fairly comfortably with the use of the 
biliary drainage twice a week, it has been decided to treat the case conservatively. 
CoMMENT.—In the case reported by Long,4 the tient, a white woman, age 40, was crushed between 
two automobiles; the right upper abdomen and the right lower chest receiving the brunt of the trauma 


She was unconscious at the time of injury, but shortly thereafter rallied and remained in comparative 


comfort for five or six days, by which time, she had become jaundiced; the abdomen had become progres 
sively enlarged; the patient was very weak; the urine contained bile; and the feces were clay-colored 
Paracentesis recovered 4,500 cc. of thin bile. After several days’ observation the patient was operated 
upon, at which time more than a gallon of bile was found in the abdomen, and a wound of the hepatic 
duct near its junction with the liver was identified. A drainage tube was inserted down to the site of 


bladder was also drained. One month after operation the drainage of bile from 


the wound had ceased; the jaundice had disappeared; and the stools were normal in color. She was 


the rupture and the gall 


discharged six weeks postoperatively, since which time she has remained entirely well 


Wallace and Spiro® report the case of a male, age 47, who was crushed between two automobiles, 
suffering trauma to the right costal regior When first seen, he was in profound shock and complained 
of pain in the right hypochondriac region. On examination, there was external tenderness over the 
gallbladder area, and the right upper rectus muscle showed marked rigidity. Liver dulness was normal 
A tentative diagnosis of “rupture of the liver’? was made The shock was treated and the patient 
rallied within a few hours. Twenty-four hours after admission, it was noted that he was slightly 
jaundiced, and this became progressively more marked from day to day. Two days after admission, 
bile was found in the urine During the following 48 hours, the jaundice had become very intense, 


bile. Nine days after admission it was noted 


stools clay-colored, and the urine was deeply stained with 
that the abdomen showed some general distention, which was recognized as being due to an accumulation 
of fluid. By this time the patient’s general condition was much worse; pulse rapid, tongue dry and 
coated, and he was growing rapidly very much weaker. Eleven days after the injury, the patient’s 
abdomen was opened through an upper midline incision, and about three pints of bile were evacuated 
from the peritoneal cavity At this point in the operation, the patient suddenly stopped breathing, and 
all means of artificial respiration were of no avail An autopsy showed several small tears on the 
anterior surface of the liver, all of which were healing. There was a large rent in the anterior layer of 


the lesser omentum near the attachment of the transve 


se fissure and, by careful dissection, a tear in 


the hepatic duct, which would admit the blunt end of an ordinary lead pencil, was found. The edges 


of the hepatic duct were everted and there was some organization of the surrounding blood clot 
Unfortunately there was no note made of the condition of the heart muscle, which would have been of 
considerable interest, as it has frequently been claimed that profound jaundice causes some degree 


of myocarditis. 
Edington® reports the case of a male, age 24, who, on September 16, 1931, was struck in the right 
upper quadrant of the abdomen by another man’s head. The patient suffered a profound shock which 
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subsided rapidly within the course of a few days. Jaundice was notely shortly thereafter, together with 
abdomen The jaundice gradually faded during the ensuing three weeks and the 


pain in the lower 
1e was unable to work full time 


pain became much less He returned to his occupation but found 


because of extreme weakness and lassitude; and at the end of the third week, it was noted that his 


His stools by this time had become clay-colored. On the 


fourth day after resuming work, which was about three and one-half weeks after the accident, he felt a 


abdomen was growing progressively larger 


sudden snap as though something had given way in the epigastrium. From this time on, the enlarge 


ment of the abdomen progressed very rapidly. At examination, after this episode, the patient was found 


to be jaundiced, the abdomen was distended but the flanks were tympanitic. A fluctuant mass could be 


felt in the epigastrium. The diagnosis of “collection of fluid in the lesser sac’? was made. Operation on 
October 15, 1931, one month after the injury, disclosed a large collection of fluid walled off behind the 


omentum, probably in the lesser sa¢ This cyst-like collection contained a Jarge amount of dark 


greenish, bile stained fluid. The edges of the cyst wall were marsupialized to the skin and the wound 
packed with iodoform gauze A profuse and persistent discharge of bile followed the operatior The 
gauze pack was removed on the fifth day and the wound allowed to contract down to a fistula. Thirty 


three days after the operation, bile was still discharging, and it was decided that a rupture of one of the 


bile ducts had occurred. The patient was reoperated upon and the fistulous tract, which led down to the 


region of the common duct, was dissected free and anastomosed to the anterior surface of the stomach 


The wound healed by primary union, and from that time on the patient made an uneventful recovery 


He was seen for the following nine months, during which time there was no recurrence of the symptoms 


and no evidence of stricture formation 

These reports could be continued, but they practically all show the same 
picture. The injury is always caused by crushing trauma to the right upper 
abdomen and the right lower chest. The patients are always in a marked 
degree of shock immediately after the accident, which, however, spontaneously 
subsides within a few hours and is followed by a period of relative freedom 
from symptoms except for localized pain for several days. Jaundice is usually 
the first secondary sign to appear, and is noted usually within the first three 
days. Bile in the urine also appears at about this time. Within the next 
week the stools have usually become clay-colored, and there is a progressive 
f the abdomen, which on physical examina- 


and marked increase in the size ¢ 
tion 1s found to be caused by an accumulation of fluid. By the end of the 
first week or ten days, the patient shows progressive loss of strength with 
a rapidly rising pulse, marked exhaustion and a moderate elevation of tem- 
perature. This picture, once seen, cannot be forgotten, and is pathognomonic 
of a laceration of one of the bile ducts. If there is any doubt, a paracentesis 
will disclose free bile present in the peritoneal cavity. 

Treatment should consist of early celiotomy, before the patient has be 
come too weak; evacuation of the bile; and simple drainage down to the site 
of the lacerated bile duct. Practically all of these lacerations heal spontane- 
ously without necessity for repair, and in only a few instances have permanent 
strictures developed. 
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THE CLINICAL SIGNIFICANCE OF PANCREATIC REFLUX * 


Ratew Corp, M.D., anp Henry Dousitet, M.D. 
New York, N. Y. 

FROM THE SURGICAL SERVICE OF THE MOUNT SINAI HOSPITAL, NEW YORK, N. Y 
Most observers now agree that the reflux of bile into the pancreas may 
i find its clinical expression in acute pancreatitis under certain circumstances. 
On the other hand, the frequent occurrence of the reflux of pancreatic juice 
into the common bile duct has not been fully appreciated, and its clinical 
significance in many of the acute pathologic conditions of the biliary tract 

has not been properly evaluated. 

When the choledochus and the duct of Wirsung terminate in a common 


ampulla—which is not uncommon—any factor causing occlusion of the papilla 
$ 








; of Vater may convert both ducts into a common canal.) ?; 3 This occlusion 
may be caused either by an edema of the papilla,f or a muscular spasm of 
| the sphincter of Oddi,? or by a small gallstone impacted in the ampulla 
4 distal to the openings of the pancreatic and common bile ducts.° Once this 
common channel has been established, the stage may be set for either biliary 
or pancreatic reflux. The direction of the reflux is undoubtedly dependent 
upon the relative intraductal secretory pressures, and inasmuch as this is 
usually higher in the pancreatic duct (unless the duct of Wirsung communi- 
cates with the duct of Santorini) a pancreatic rather than a biliary reflux 
is more likely to occur. 

The amount of retrojected pancreatic juice into the bile, as determined 

by a quantitative estimation of the enzymes, either lipase, trypsin or amylase, 
will naturally vary tremendously. It will be dependent upon the secretory 
activity of the pancreas, the intraductal pancreatic pressure and the degree 
e of obstruction at the ampulla. 
7 The chemical recognition of these pancreatic ferments may present certain 
2 difficulties. The determination of lipase is not an easy procedure and has 
been attempted by but few investigators. The method for the detection of 
trypsin in the bile often presents several obstacles. An excess of protein 
and bile pigments, which may be present especially in pathologic bile, may 
destroy the accuracy of the determination. Trypsin deteriorates rapidly on 
standing, and, in addition, it is often in the inactive form and requires the 
addition of enterokinase for its activation. 

These disadvantages have led most investigators to examine the bile for 
amylase as a quantitative index of pancreatic juice admixture. This enzyme 
is stable in bile and can be measured with comparative ease. However, two 
different types of amylase appear to be present in the bile. One type attacks 

* Read before the New York Surgical Society February 23, 1938. Submitted for 
publication January 31, 1938. 
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the amylopectin which is present in soluble starch, and is mainly responsible 
for its viscosity. The other amylase, which may be present in a totally dif- 
ferent proportion, attacks preponderantly the amylodextrin converting it into 
maltose. Consequently the methods based on changes in viscosity of a stand- 
ard starch solution ( Davison,’ Elman,* Crandall,®) will give results which may 
be totally different from either the method used to determine the end-point 
for the disappearance of the blue color due to iodine (Wohlgemuth'’) or 
the methods based upon the measurement of the amount of maltose produced 
during a definite period of starch digestion (Willstatter!, Schmidt!*). 

Human bile is ordinarily deficient in the liquefying amylase as measured 
by the viscosimeter method, and if this enzyme is found to be present it may 
be taken for granted that there is an admixture of pancreatic juice. This 
method, as modified by Elman, was, therefore, used in these analyses of bile. 

The unit in this method is standardized as the amount of amylase which 
will reduce the viscosity of a standard starch solution 20 per cent in one 
hour’s hydrolysis under controlled conditions. The starch solution is stand- 
ardized so that 1 cc. of blood serum obtained from a number of fasting normal 
individuals will contain values falling between two to six units of amylase. 
If the enzyme is found in the bile in concentration above that obtained in 
the blood, it is reasonable to assume that a pancreatic juice admixture is 
present. 

In the past, the possibility of the admixture of pancreatic secretion to 
the bile was only suspected when a rapid digestion and maceration of the 
skin about a biliary fistula suggested the presence of activated pancreatic 
enzymes. The paucity of clinical reports attests to the supposed rarity 
of this untoward complication. These pancreatic enzymes were presumably 
derived from either a duodenal reflux through the choledochostomy tube, or 
from a duodenal fistula, or from the pancreas by reflux. Postoperatively, 
the reflux of small intestinal contents through the common bile duct is exceed- 
ingly rare. The oblique implantation of the choledochus through the duodenal 
wall and the added protection of the sphincter mechanism make the reflux 
of duodenal contents through the common bile duct an uncommon occur- 
rence. Codman,!* Davis,’* and Walters and Marshall!® have reported cases 
of this character, and only two cases similar in nature have been observed 
in our wards. The diagnosis of a duodenal reflux, however, should occasion 
very little difficulty. Walters’® states that one should become suspicious of 
this untoward complication when within 24 hours following a choledochostomy 
there is a discharge of a large amount of thin, fluid material with a rancid 
odor, or the skin about the drainage tube appears irritated and digested. If 
either methylene blue, or insoluble carmine crystals, which are administered 
by mouth, appear about the abdominal sinus or stain the drainage, the diag- 
nosis is verified. On the other hand, if the drainage contains pancreatic 
ferments without signs of the orally administered dye, it is reasonable to 
suppose that a pancreatic reflux is present. 

The appended case report (Case 1) graphically illustrates how the rapid 
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skin digestion about a choledochostomy sinus immediately suggested the pos- 
sibility of a pancreatic reflux, which chemical analysis and clinical observa 


tion subsequently substantiated. 


Case 1.— (No. 3756008): H. H., a female, age 39, was admitted to the Mount Sinai 
Hospital January 12, 1935, and discharged February 6, 193. A week prior to admission, 
the patient experienced an uncomfortable feeling in the back which was relieved by 
pressure. Five days later she began to coir lain of pain in the epigastrium, aggravated 
by food, and associated with nausea and vomiting. Simultaneously, the entire abdomen 
felt sore and the epigastric pain was aggravated by movement. There was no history 
of jaundice, chills or fever. 

Physical Examination disclosed an acutely ill, subicteric female. There was tender 
ness in the right upper quadrant and the gallbladder was palpable. Icteric index, 31 
White blood cells, 14,300; polymorphonuclear leukocytes, 84 per cent; lymphocytes, 14 
per cent; hemoglobin, 90 per cent. The urine was clear; albumin, very faint trace; sugar, 
negative; bile, four plus; urobilin, one plus. 

The patient was observed for 48 hours and then explored, under general anesthesia, 
through a six-inch, oblique, upper right rectus, muscle-splitting incision. The liver was 
slightly enlarged, but normal in size and consistency. The gallbladder was markedly 
thickened and acutely inflamed and measured about 7 cm. in length with an average 
diameter of 5 cm. It contained about 40 cc. of rather thin bile, and innumerable stones, 
several of which were found in the cystic duct. The gallbladder was adherent to the 
common bile duct, which was partially constricted by firm, dense adhesions. The chole- 
dochus contained no calculi. A typical retrograde cholecystectomy was performed. One 
tube was sutured to the cystic duct, which was left open, and another was placed into 
Morrison's pouch. The abdominal wall was closed in layers. 

Postoperative Course.—Four days postoperatively, the patient drained an unusually 
large amount of bile, and on the eighth day, a definite maceration of skin became appar- 
ent. Examination of the drainage fluid revealed large amounts of trypsin and amylase. 
There was no evidence of either a duodenal fistula or reflux, since ingested insoluble 
carmine failed to appear in the drainage. Two weeks later the drainage suddenly ceased 
and urobilin appeared in the stool. 

In this case of pancreatic reflux it is possible that the bile and pancreatic 
ducts opened into a common ampulla which was subsequently occluded by 
either a small calculus or possibly by temporary spasm of the sphincter of 
Oddi. As soon as this obstruction was overcome, the bile and pancreatic juice 
emptied normally into the intestine, with immediate cessation of external 
drainage. 

Recent studies have shown, however, that the occurrence of inactive pan- 
creatic ferments in the bile due to reflux is not an uncommon occurrence. 
The admixture of pancreatic secretion, either in the bile of the choledochus 
or that of the gallbladder, may not be suspected because its presence may be 
perfectly innocuous and cause no recognizable clinical manifestations. There- 
fore, the frequency with which these pancreatic enzymes will be found in 
gallbladder and common duct fistula bile will naturally depend upon a routine 
analysis to establish their identity. 


16 


In a recent communication, Popper,'® using the Wohlgemuth method, ex- 
amined the bile (usually from the gallbladder) in 219 surgical patients for 
the purpose of finding pancreatic ferments. The samples were obtained from 
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cases of cholelithiasis, tumors of the pancreas, acute pancreatic disease, and 
from those patients possessing a presumably healthy biliary system. In- 
creased amylase was demonstrable in 17 per cent of the cases. Those in which 
the bile ducts contained pancreatic juice differed in no way from other cases 
of cholelithiasis in respect to history, symptomatology, clinical course, opera- 
tive findings or postoperative course. Subsequent follow-up examinations, 
made months or years later, failed to reveal indications either of pancreatic 
or hepatic dysfunction. 

In a series of 25 cases of chronic cholecystitis in which the gallbladder 
bile was routinely examined by us for amylase by the viscosimeter method, 
no ferments were found, but in 12 cases of acute cholecystitis, large amounts 
of enzymes were present in four patients. In a routine analysis of the bile 
obtained from a choledochostomy drainage tube in 24 patients, amylase was 
present in eight. In six of these patients the pancreatic duct was visualized 
by lipiodol injections, and roentgenologic examinations by the following 
method : 

About 12 days after a T-tube choledochostomy, iodized oil is injected by 
means of a 50 cc. syringe through the drainage tube into the biliary tract. 
Under the fluoroscope the oil can be seen to enter the choledochus, fill the 
terminations of the hepatic ducts, and then pass through the sphincter into 
the duodenum. If the sphincter is spastic, the intrahepatic bile ducts are 
filled to a considerable extent before the oil is forced through the sphincter 
into the duodenum. At this point, anteroposterior and lateral roentgenograms 
are taken. Having made certain that there is no organic obstruction in the 
choledochus, morphine sulphate (Gr. 4) is administered hypodermically, and 
five minutes later iodized oil is again injected. The morphine induces a se- 
vere sphincter spasm,'* and as a result the entire biliary tract is usually vis- 
ualized before the injected iodized oil can be forced into the duodenum. If 
the pancreatic duct opens together with the common bile duct above the spastic 
sphincter, the lipiodol will invariably enter the duct of Wirsung. This canal 
has been visualized fluoroscopically as far as the body of the pancreas in 
one case, and almost to the tail in another. Unfortunately, roentgenograms 
were not taken at this particular minute. Since the secretory pressure of the 
pancreas seems to be higher than the resistance of the sphincter of Oddi, 
only the terminal 5 to 7 cm. of the pancreatic duct may be visualized. There- 
fore, in order to demonstrate the pancreatic duct on the film, a steady con- 
tinuous injection of lipiodol must be made while the plate is being exposed. 
At times when the sphincter is sufficiently spastic, the pancreatic duct may 
be visualized even before morphine is given (Figs. 3, 5 and 8). The ad- 
ministration of this drug in such cases is not necessary and may even decrease 
the visualization of the pancreatic duct because it causes not only muscular 
spasm of the sphincter but also of the duodenal wall which embraces the ducts 
(Fig. 4). Inasmuch as the abdominal orifice of the biliary fistula frequently 
overlies the region of the sphincter of Oddi, the patient should be turned over 
246 









> el mae raga Rey. 





















BURA ens, 


Se ck Reta ye 


Volume 108 PANCREATIC REFLUX 


Number 2 
slightly to the right in order to obtain an unobstructed view of the pancreatic 
duct. 

It might prove of interest to briefly abstract the histories of seven cases 
in which, in the course of a routine analysis of bile, the presence of amylase in 
sufficient concentration suggested a pancreatic reflux. In six of these cases 
the pancreatic duct was visualized. 

Case 2 is of unusual interest because, at one time during the postoperative 
period, pure unactivated pancreatic juice was obtained from the choledochos- 
tomy tube. However, there were no clinical manifestations suggesting a pan- 
creatic reflux other than the fact that the drainage was colorless in appearance 


and that its chemical analysis revealed amylase. 


Case 2.—(No. 407176): M. F., a male, age 27, was admitted to the Mount Sinai 
Hospital April 15, 1937, and discharged June 3, 1937. The patient had been well until 
ten months before admission, at which time he began to develop postprandial sensations 
of burning in the epigastrium, accompanied by a feeling of distention and substernal 
pain. This would begin usually 15 minutes after a fatty meal and would last 15 minutes 
Six days before admission, the patient experienced localized epigastric and substernal 
pain, and two days later he noticed jaundice, clay colored stools, and dark urine. 

Physical Examination disclosed a jaundiced patient, not acutely ill. Abdominal ex- 
amination was negative. Icteric index, 14. Blood bilirubin, 1.5 mg. per cent; chole- 
sterol, 319 mg. per cent total, 115 mg. per cent ester. Bile was present in the urine, 
and the stool contained no urobilin. Galactose and sodium benzoate tests were under- 
taken to rule out hepatitis. The galactose test gave an excretion of 3.5 Gm. and the 
sodium benzoate 3.13 Gm., thus confirming the clinical impression of obstructive jaundice 


TABLE I 


FRACTIONAL ANALYSIS OF FISTULA BILE OBTAINED FROM CASE 2 


Time of Bile Amylase 
Date Meal Collection Units per Cc. 
5/2/37 12.00 noon 
(11 days postoperative) Lunch 
2.30 P.M. 3,000 
4.30 P.M. 
Supper 4.30 P.M. 1,255 
6.30 P.M. 1,000 
8.30 P.M. 1,800 
10.30 P.M. 2,000 
§/3/37 12.30 A.M. »285 
2.30 A.M. 44I 
4.30 A.M. 26 
6.30 A.M. 30 
8.00 A.M. 
Breakfast 
8.30 A.M. O 
10.30 A.M. 300 
11.30 A.M. 
Lunch 
12.30 P.M. 2,000 
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Under observation, bile subsequently disappeared from the urine and urobilin was found 


in the stool. 

Operation April 21, 1937, revealed a chronically inflamed gallbladder containing a 
myriad of yellow, cholesterol stones. It was adherent to the duodenum and transverse 
colon. The common duct was dilated and inflamed and contained many small cholesterol 
stones. A retrograde cholecystectomy and a T-tube choledochostomy were performed. 

Postoperative Course—Bile drained freely the day following operation. On the 


seventh day the bile drainage suddenly changed in character and about 250 cc. of a 
colorless fluid was collected. This was analyzed and found to contain 7,000 Elman 


a4 


Fics. 1 and 2.—Case 2: Note that before administration of morphine (Fig. 1) the hepatic ducts are 
only terminally outlined before lipiodol enters the duodenum. This indicates a normal resistance of the 
sphincter of Oddi. Five minutes after morphine administration, continued injection of lipiodol outlines 
the entire biliary tract and distends the common bile duct. In addition, the pancreatic duct (arrows) 
was outlined for considerable distance. 


units of amylaze. This fluid did not digest egg white, indicating that the trypsin had 
not been activated. The biliary drainage was analyzed daily, as well as for one 24 
hour period for amylase (Table I). After two previous unsuccessful attempts, lipiodol 
visualization of the pancreatic duct was finally accomplished after producing spasm of 
the sphincter of Oddi by the hypodermic administration of morphine (Figs. 1 and 2). 
The tube was removed on the thirty-ninth day and the external bile drainage ceased 
immediately. 

Case 3.—(No. 416038): S. M., a male, age 52, was admitted October 30, 1937, 
and discharged December 7, 1937. There was a history of right upper quadrant pain 
which often radiated to the left upper quadrant and into the back. The pain was relieved 
by belching and by induced vomiting. There was no history of fever, chills or jaundice. 
The present episode began six days before admission and was similar to the previous 
attacks. The pain radiated from the right upper quadrant to the left upper quadrant 
and back. 

Physical Examination revealed a thin, middle aged male. There were a few moist 
rales at the bases of both lungs. Tenderness and rigidity were present in the right 
upper quadrant of the abdomen, and a round ballotable mass was palpable in this region. 
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White blood cells, 14,000; 81 per cent polymorphonuclear leuko- 


Blood pressure 140/84. 
Urine, negative for bile. A scout roentgenogram of 


cytes; 18 per cent lymphocytes 
the abdomen revealed two ring-shaped concretions in the gallbladder region. 
Operation.—October 10, 1937: A celiotomy, under spinal anesthesia, revealed an 
acutely inflamed, hydropic gallbladder containing two large stones impacted in the am- 
The common duct, which was dilated to three times its normal size, was the 


pulla. 
A ch slecystectomy 


site of an acute inflammatory process and contained a small stone. 
and a T-tube choledochostomy were performed. 


Fic. 3. Fic. 4. 


Injection of iodized oil showed considerable spasm of the sphincter of 
3) since the hepatic ducts are outlined to a considerable extent before the oil passes into the 


F 


Oddi (Fig. 

duodenum. At the same time a portion of the pancreatic duct (arrow) is filled. The junction of the 
common and pancreatic ducts at the ampulla of Vater is clearly visualized. Note also the dilatation of 
the common bile duct. Following the administration of morphine (Fig. 4) the whole biliary tract is 
outlined. The increased tonicity of the duodenal wall as a result of morphine action caused compressior 
of the intramural portion of both the common and pancreatic ducts. The ampullary junction of these 


ducts are, however, still clearly outlined (arrow). 


3 and 4.—Case 3: 


Postoperative Course-——The patient’s postoperative course was complicated by a 
3ile drainage from the T-tube was positive 


> 


bronchitis but was otherwise uneventful. 
tor amylase. Determinations varied between 15 and 85 units in 24 hour samples for 12 
Lipiodol roentgenograms of the biliary tract visualized the major 


consecutive days. 
The lipiodol could be seen passing int 


hepatic radicles without the use of morphine. 
the pancreatic duct for a distance of about 10 cm. (Fig. 3). After the administration 
of morphine, the increased tonus of the duodenal wall partly obliterated the visualiza- 
tion of the intramural portion of both the choledochus and the pancreatic ducts (Fig. 4). 
However, the ampulla at the junction of these two ducts was clearly visible. On the 
thirty-seventh day, the T-tube was tied off. At that time the sphincter resistance meas- 
ured about 150 Mm. After clamping the tube for five days, the resistance of the sphincter 
was found to be 909 Mm. The tube was then removed and the fistula closed immediately. 

Case 4.—(No. 416858): M. R., a married woman, age 62, was admitted to the 
private service of Dr. Leon Ginzburg (through whose courtesy this case was studied) 


November 18, 1937, and discharged December 25, 1937. She suffered from an attack of 
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epigastric distress for the first time in August, 1936. In April, 1937, she again developed 
a very severe episode of epigastric pain radiating to both costal margins and the back. 
Administration of morphine was required. Since then the attacks had increased in 
frequency and severity, occurring as often as four times weekly. Pruritus and dark 
urine were present with each attack but jaundice was not noted until her present ad- 
mission. At this time bile was present in the urine. The stool was clay colored and 
contained neither bile nor urobilin. Hemoglobin, 70 per cent; white blood cells, 38,000; 
72 per cent polymorphonuclear leukocytes. Icteric index, 10. 

Operation—November 29, 1937: A chronically diseased gallbladder containing stones 
was found. The choledochus was thickened and inflamed, and dilated to three times 
the normal diameter. An irregular shaped pigment stone about I cm. in diameter was 
found in the intramural portion of the common bile duct, and was extracted with some 
difficulty. Cholecystectomy and a T-tube choledochostomy were performed. 

Postoperative Course—Five hundred to 700 cc. of a very pale, watery bile con- 
tinued to drain daily for three weeks. Analysis of this revealed that it contained 1,200 
units of amylase. It was felt that an obstruction was present, due either to the impac- 
tion of a residual stone at the papilla or to the presence of spasm of the sphincter of 
Oddi. The T-tube was clamped on the nineteenth day after operation for a short time, 
and bile passed into the duodenum without ensuing discomfort. It was clamped again 
for 24 hours on the twenty-third day. On the twenty-fourth day, lipiodol injection of 
the biliary tract revealed a spastic sphincter (Fig. 5), and visualization of the hepatic 
and pancreatic ducts was effected. The tube was clamped again on the twenty-fifth day 


and removed five days later, with the cessation of external drainage. 





The following three cases are reported from the Ward Surgical Service 
of Dr. John Garlock, through whose courtesy these studies were made. 





Case 5.—(No. 416037): S. L., a male, age 58, was admitted October 30, 1937, 
and discharged November 30, 1937. For the past 38 years the patient had had recur- 
rent attacks of rather vague, burning pain beginning at the angle of the right scapula 
and radiating around to the right upper quadrant. Six months before admission, he 
experienced a severe attack which was accompanied by a shaking chill and followed 
by jaundice, which lasted for one week. Roentgenologic examination at that time re- 
vealed incomplete visualization of the gallbladder but no stones. Similar attacks oc- 
curred two months, five days, and two days before admission. 

Physical Examination revealed a well developed and well nourished male, definitely 
jaundiced. There was marked tenderness in the epigastrium and in the right upper 
quadrant. Temperature, 100.6° F.; hemoglobin, 78 per cent. Blood chemistry, total 
cholesterol, 225; cholesterol ester, 56; icteric index, 10; bilirubin, 0.2 mg. per cent. 
Galactose tolerance test showed an excretion of 1.1 Gm. of sugar. Roentgenologic 
examination of the gallbladder by means of the Graham test failed to visualize the 
viscus. 

Operation.—November 8, 1937: The gallbladder was found thickened, shrunken, and 
full of calculi. The choledochus was not dilated, and revealed no stones. A probe 
passed easily into the duodenum. A cholecystectomy and a T-tube choledochostomy 
were performed. 

Postoperative Course—Recovery was uneventful. Amylase was found in consider- 
able concentration on several occasions, once as high as 75 units in a routine analysis 
of the biliary drainage. Activated trypsin was found once in the biliary drainage on 
the fifteenth day after operation. Roentgenologic examination of the biliary tract with 
lipiodol showed no dilatation of the biliary tract, an absence of stones, and a spasm of 
the sphincter of Oddi (Fig. 6). Following the administration of morphine, the pan- 
creatic duct was visualized to the extent of 1.5 cm. (Fig. 7). The tube was removed on 
the nineteenth day, and the fistula closed almost immediately. 
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Fic. 5.—Case 4: Lipiodol visualization without morphine in this case clearly demonstrates a se : ‘ter spasm present since the hepatic ducts are outlined 

very large extent before the iodized oil enters the duodenum. Enormous. « ation of the ¢ ‘hus is noteworthy. The pancreatic duct (arrow) is out- 
lined to considerable extent. 

Fics. 6 and 7.—Case 5: Absence of sphincter spasm is noteworthy here. The ji lized oil enters the ut filling 
distending the choledochus (Fig. 6). F owing the administrat f morphine (Fig 7) the whole biliary act is outlined and 
before | Mlol enters the duoden - A small portion of the I ; ic - ed (arrow). 


ducts and without 
duct is distended 
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Case 6.—(No. 416741): Y. S., a female, age 48, was admitted November 16, 1937, 
and discharged January 6, 1938. For the past two and one-half years she had experi- 
enced a pressing sensation in the epigastrium which radiated directly to the back. These 
episodes were usually preceded by a chilly feeling, and were accompanied by fever and 
severe nausea. They occurred two to three times a month and usually started one-half 
to one hour after eating. Jaundice was noticed only during the first attack. However, 
the patient noted that with each attack the urine turned dark and the stools were light in 
color. She had lost 35 pounds in weight. 
Physical Examination.—The patient was very thin and poorly nourished. The liver 
edge, which was hard and smooth, was palpable 10 cm. below the costal margin. The 
spleen was just palpable. There was marked tenderness over the gallbladder region. 


Fic. 8. Fic. 9. 


Fics. 8 and 9.—Case 6: Injection of lipiodol shows presence of considerable spasm of the sphincter 
of Oddi (Fig. 8) since the hepatic ducts are outlined to considerable extent before the oil can be forced 
into the duodenum. The choledochus is markedly distended. The pancreatic duct (arrow) is clearly 
outlined, even the entrance of finer branches being shown. Following morphine administration (Fig. 9) 
the whole biliary tract is outlined and the common bile duct is markedly distended. Increased tonus of 
the duodenum causes obliteration of the intramural portion of both common and pancreatic ducts. The 
pancreatic duct (arrow) is outlined only to a small extent 


Hemoglobin, 90 percent; white blood cells, 8,000; icteric index, 15; bilirubin, 3.5 mg. 


per cent. Cholesterol total, 220 mg. per cent; ester, 80 mg. per cent. On the second 


day the patient experienced a severe attack of pain, accompanied by a chill and fever 


to 103° F. The next day, however, the icteric index was only 3, and remained low 
up to the time of operation. Sodium benzoate test showed a low excretion of 0.86 Gm. 
of hippuric acid, indicating marked diminution in liver function. 
Operation—November 26, 1937: Disclosed a chronically inflamed gallbladder with- 
out stones. The choledochus was thickened and dilated to 2.5 cm. in diameter and con- 
tained nine large, black, crumbly, faceted stones. The papilla of Vater admitted the 
tip of the little finger. A cholecystectomy and a T-tube choledochostomy were performed. 
About 1,100 cc. of bile drained the first two days but gradually diminished in amount. 
Amylase was found in the biliary drainage as high as 3,000 units on one occasion. 


Roentgenologic examination and lipiodol visualization on the twelfth postoperative day 
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demonstrated a dilated biliary tract with considerable spasm of the sphincter of Oddi 
The pancreatic duct was clearly visualized, even some of the finer branches being filled 
(Fig. 8). After increasing the sphincteric spasm by an injection of morphine, the entire 
biliary tract became outlined. The pancreatic duct was still visualized but to a lesser 
extent (Fig. 9). The fistula closed almost immediately upon removal of the T-tube. 

Case 7.—(No. 416700): I. F., a male, age 54, was admitted November 15, 1937, 
and discharged December 16, 1937. He had been quite well until two months before 
admission when he suffered a very severe attack of right upper quadrant pain radiating 
to the epigastrium, back and right shoulder. This was accompanied by vomiting and 
jaundice. The attack recurred six weeks later and on the day before admission. He 
had lost 20 pounds in weight during the past two months. 

Physical Examination revealed a well developed, rather obese, and markedly jaun- 
diced male. There was moderate voluntary abdominal rigidity. The liver edge was 
palpable 2 cm. below the costal margin. Hemoglobin, 90 per cent; white blood cells, 
7,950; 59 per cent polymorphonuclear leukocytes. Liver function tests: Sodium d-lactate 
clearance test, normal; galactose test, normal. While under observation, the temperature 
rose to 101.5° F. Bile and urobilin were present in the urine. Icteric index, 23; bilirubin, 
5.0 mg. per cent; total blood cholesterol, 270 mg. per cent; ester, 79 mg. per cent. 

Operation—November 22, 1937: Revealed a thickened, edematous and somewhat in 
flamed gallbladder with stones, adherent to the second portion of the duodenum. The 
choledochus was thickened and moderately dilated. It contained yellowish white thick 
purulent material and one small faceted stone in the distal portion of the duct. A large 
probe passed into the duodenum without difficulty. A cholecystectomy and T-tube 
choledochostomy were performed. 

There was drainage of only small amounts of bile which frequently contained amylase. 
ile samples collected every six hours during a 24 hour period (Table II) showed an 
amylase concentration of 1,500 units. No activated trypsin was found. 


TABLE I] 
FRACTIONAL ANALYSIS OF FISTULA BILE OBTAINED FROM CASE 7 
Time of Bile Amylase 
Date Meal Collection Units per Cc. 
12/9/37 12.00 noon 
(7 days after operation) Lunch 
1.30 P.M. I ,200 
4.30 P.M. 
Supper 
6.00 P.M. I,500 
12/10/37 12.00 midnight O 
4.00 A.M. rs 
7.00 A.M. oO 


Postoperative Course-—The jaundice cleared up slowly. On the sixteenth day, the 
biliary tract was examined roentgenologically after the injection of lipiodol. Under 
the fluoroscope, the sphincter was seen to be definitely spastic, and the common duct 
slightly distended; the hepatic ducts were, however, markedly dilated (Fig. 10). After 
administration of morphine, the pancreatic duct was seen to fill as far as the tail of the 
pancreas. However, during the few moments consumed placing the casette in position, 
the pancreatic duct emptied almost completely and only about 5 cm. were demonstrable 
(Fig. 11). 


The T-tube was removed on the twenty-third day and the fistula closed almost 


immediately. 
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The role of spasm of the sphincter of Oddi in the production of a pan- 
creatic reflux is further substantiated in the appended report (Case 8). The 
pancreatic duct was not visualized in this patient, possibly because morphine 
was not used. 


Case 8.—(No. 382140): C. F., a female, age 60, was admitted July 12, 1935, and 
discharged August 27, 1935. She had suffered from attacks of gallbladder pain for five 
years. Jaundice accompanied the last episode, which occurred 12 days after operation 
The icteric index at the time was 50, and the bilirubinemia 2.0 mg. per cent. 


Operation—July 20, 1935: The gallbladder was found full of stones and acutely 


inflamed. The common duct was thickened, enlarged to twice its normal diameter, and 


Fi 


7: Before the administration of morphine (Fig. 10) injection of oil fills 
the hepatic ducts to considerable extent indicating sphincter spasm. Five minutes after morphine 
administration (Fig. 11) the hepatic ducts are outlined to a greater extent. A considerable portion of 
the duodenum is clearly outlined. At the same time a portion of the pancreatic duct (arrow) is filled 


Fics. 10 and 11.—-Case 


filled with a sand-like precipitate, but contained no stones. A retrograde cholecystectomy, 


and a choledochostomy, were performed. 

Postoperative Course—Urobilin was not present in the 
-ancreatic enzymes, trypsin and amylase, were demonstrated in the biliary drain- 

On the third day the initial resistance of the sphincter was 

On the sixth day after 


stools until the nineteenth 


day. 
age on several occasions. 
225 Mm. H:0O, and thereafter was constant at 185 Mm. H:0O. 
operation, the constant resistance was even higher, remaining at 220 Mm. H:0O. 
On the tenth day the injection of lipiodol outlined the hepatic ducts extensively, and 
only a few droplets of lipiodol entered the duodenum. The following day no lipiodol was 
evident in the duodenum, but some still remained in the choledochus, while the remainder 


was seen in the drainage. 
The kymographic studies in this case, without the use of morphine, indi- 
cated a periodic spasm of the sphincter which was further substantiated by 
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lipiodol studies. The presence of amylase was indicative of pancreatic reflux, 
even though the pancreatic duct was not visualized in the roentgenograms. 

A study of Cases 2, 3, 4, 5, 6, 7 and 8, in which the presence of a pan 
creatic reflux was first demonstrated chemically, emphasizes, quite clearly, the 
importance of spasm of the sphincter of Oddi not only in causing an ob- 
struction at the papilla, but simultaneously converting the biliary and pan- 
creatic ducts into one continuous channel. Archibald,’ in his studies on biliary 
reflux in the production of acute pancreatitis, first suggested the possibility 
that spasm of the sphincter of Oddi alone was sufficient to convert the 
choledochus and duct of Wirsung into one canal, provided they both opened 
into a common ampulla, proximal to the sphincter. He submitted certain 
evidence gained from animal experiments to substantiate his contention. This 
work was not confirmed by Wangensteen and his associates,!* and others, 
who stated that they were unable to produce the regurgitation into the pan- 
creatic duct without organic obstruction at the papilla. 

These cases certainly seem to confirm the fact that in the human, spasm 
of the sphincter alone is sufficient to convert the pancreatic and biliary ducts 
into one canal and establish a basis for either a pancreatic or biliary reflux. 
In addition, these cases also seem to prove the postulate of Popper,!® who, 
from his extensive investigations on pancreatic reflux, stated that if high 
concentrations of pancreatic enzymes were found in the bile, a direct anatomic 
communication between the biliary and pancreatic ducts could be predicted. 
This was found to be true, for in six of the seven cases of pancreatic reflux, 
the duct of Wirsung was visualized roentgenologically after the injection of 
lipiodol into the common bile duct. 

However, the admixture of pancreatic juice with the bile seems to vary 
periodically in the same patient, because there were times in which the fer- 
ments were found to be absent (Tables I and II). If the bile is to be 
analyzed for amylase, specimens should be obtained after the ingestion of a 
well balanced meal. The presence of large amounts of pancreatic ferments 
in the bile did not seem to occasion any special symptomatology in these 
cases. In Case 2, drainage at one time was pure, inactivated pancreatic juice 
and yet no significant clinical manifestations were recognizable. Apparently, 
under certain circumstances, inactivated pancreatic juice appears just as in- 
nocuous, and apparently as harmless, as it 1s in the duct system of the pan- 
creas. In fact, the choledochus itself seems particularly immune to the 
necrotizing effects of an admixture of bile and pancreatic juice. Benign 
strictures of the common bile duct, either noncongenital in origin, or unas- 
sociated with gallstones, are rarely found at a primary operation. Moreover, 
the follow-up studies of all the cases in this series associated with a pancreatic 
reflux presented no subsequent complications referable to common duct 
involvement. It may be argued, and justly so, that the reflux of pancreatic 
juice in the postoperative group of cases was caused artificially by the choled 
ochostomy and that in the presence of an intact common bile duct, this 
reflux would not have occurred. This may be partially true. For it is 
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more likely that the pressure in the common bile duct may have been suffi- 
ciently lowered by the institution of the T-tube drainage so as to have favored 
the flow of pancreatic juice over the choledochus. However, in another 
group of acute cases which will be discussed later, the bile removed from 
either the peritoneal cavity or gallbladder at the time of operation occasionally 
revealed pancreatic ferments in such high concentrations that their presence 
can only have been accounted for on the basis of a pancreatic reflux. This 
group is composed of those cases of nonperforative biliary peritonitis and 
certain types of acute cholecystitis. 

Bile peritonitis without demonstrable perforation of bile passages was first 
reported by Clairmont and Von Haberer,'® in 1910. They suggested that this 
might have been caused by an alteration in the permeability of the bile duct 
walls, permitting the bile to seep through. Blad*° subsequently offered an 
explanation for these unusual phenomena on a basis of his chemical and 
animal experiments. He felt that the pancreatic ferments, aided by bacterial 
action, digested the colloids of the bile and liberated the bile pigment which, 
by some unknown process, could then pass through any membrane. Wolfer?! 
was subsequently able to experimentally produce pathologic changes in the 
gallbladder wall by the injection of various amounts of pancreatic juice. He 
recently reviewed the literature of nonperforative bile peritonitis and pre- 
sented several cases with interesting chemical findings.*? 

The following case, observed by us, graphically illustrates a bile peritonitis 
without demonstrable perforation of the bile passages in which not only were 
areas of fat necrosis present in the peritoneal cavity, pointing to the presence 
of pancreatic enzymes in the free bile, but, in addition, trypsin and amylase 
were present in the bile aspirated from the gallbladder at the time of operation. 

Case 9.—(No. 402601): P. G., a female, age 45, was admitted December 22, 1936, 
and discharged January 23, 1937. During the past three years, she had experienced 15 
to 20 attacks of severe, squeezing, epigastric pain, radiating both to the left and to the 
right, and to the middle of the back. Pain persisted and she had vomited once. There 
was no history of jaundice, acholic stools, dark urine, fever or chills. 

Physical Examination disclosed a well developed female, apparently acutely ill. Tem- 
perature, 98.6° F. Blood pressure, 150/90. The abdomen was slightly distended. There 
was slight, diffuse abdominal resistance, most marked in the left flank, and marked ten- 
derness in the epigastrium and right upper quadrant with slight rebound tenderness. 
White blood cells, 33,900; 95 per cent polymorphonuclear leukocytes. The urine showed 
urobilin 1:100. Icteric index, 5; blood bilirubin, 0.8 mg. per cent; van den Bergh 
direct, promptly positive; indirect, I :125,000. 

Inasmuch as the physical signs and symptoms persisted, an abdominal puncture was 
performed ten hours after admission. This revealed bile-tinged hemorrhagic fluid which 
on smear showed leukocytes, but no organisms. In view of the presence of bile in the 
abdominal fluid, the possibility of a perforation of the gallbladder was considered. 

Operation—Dr. Amiel Glass: The gallbladder, which was not inflamed, was found 
markedly distended by a small amount of clear, green bile and several hundred small 
yellow stones. There was a large quantity of apparently nonpurulent bile in the general 
peritoneal cavity, and bile seemed to issue from the foramen of Winslow. There were 
five to six small points of fat necrosis on the peritoneum and omentum adjacent to the 
head of the pancreas. This was slightly enlarged and blood stained bile was present 
beneath its peritoneal covering. A cholecystostomy was performed. 
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The gallbladder bile aspirated at operation showed the presence of both amylase 
and trypsin. A fragment of omentum removed at operation showed fat necrosis histo- 
logically. The stools were immediately positive for urobilin. 

Postoperative Course—The patient did well postoperatively. There was free biliary 
drainage at first which gradually ceased. The patient was discharged 31 days after 


operation. 


The other type of acute case associated with pancreatic reflux is acute 
cholecystitis. Clinically, considerable quantities of active pancreatic ferments 
have been found in the bile obtained from acutely inflamed gallbladders, and 
their presence appears to be definitely related to the acute inflammatory proc- 
ess present. Such instances have been reported by Bundschuh,** Ruppanner,*4 
deDziembowski,7” and Brackertz.-° Three similar cases of acute chole- 
cystitis associated with the presence of appreciable quantities of pancreatic 
enzymes i3 the gallbladder bile have been previously reported from the Sur- 
gical Services ~t the Mount Sinai Hospital.** In two of these cases, surgical 
exploration cisclosed free bile in the peritoneal cavity, and in one, fat necrosis 
was seen not only in the acutely inflamed gallbladder wall, but also in the 
adherent omentum. The gallbladder bile which was aspirated at the time of 
operation was definitely alkaline, and diastase was present in large amounts 
in all three cases. The cultures were sterile in two cases, but in the third, 
B. coli and B. Friedlander were present. No bacteria were found in the 
microscopic sections of the galibladder in any of the three cases. The pan- 
creatic ferments present in the gallbladder bile could have been accounted for 
only by pancreatic reflux. 

The exact mechanism by which pancreatic ferments in the bile may be 
perfectly innocuous under certain circumstances, and in others cause either 
a nonperforative bile peritcnitis or acute cholecystitis, is not definitely known. 
The experimental work of Wolfer,2! Dragstedt,?* Ivy,?4_ Andrews,?® and 
others, show that the local cytolytic action of bile salts, the alkalinization of 
the gallbladder bile, and the presence of appreciable amounts of pancreatic 
ferments and infection, are all factors in the alteration of the permeability 
of the gallbladder wall, and in the production of acute cholecystitis. 

CONCLUSIONS 

The presence of amylase in significant amounts in the biliary drainage 
predicates a pancreatic reflux which may be due solely to a spasm of the 
sphincter of Oddi. This spasm produces not only an obstruction at the 
papilla, but simultaneously converts the bile and pancreatic ducts into one 
continuous channel. Under these circumstances, the injection of lipiodol 
through the biliary fistula may visualize the pancreatic duct. 

Pancreatic ferments in the bile may occasion no recognizable clinical 
symptoms. The common bile duct appears particularly immune to the effects 
of pancreatic ferments, but the presence of pancreatic juice in the gallbladder 
may produce either a nonperforative bile peritonitis, or an acute cholecystitis. 
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The mechanism which precipitates these acute inflammatory reactions is not 

clearly understood. 
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Discussion.—Dr. ALLEN QO. WuHippLe (New York) expressed his par- 
ticular appreciation of Doctor Colp’s paper and felt that it was an exceedingly 
important addition to the current knowledge of biliary and pancreatic pa- 
thology. Undoubtedly if the type of clinical investigation that Doctor Colp had 
put into these cases were carried out more methodically the number of cases 
in which pancreatic ferments are found in both the gallbladder and common 
duct would be surprising. Doctor Whipple could recall at least five person- 
ally observed instances in which, chiefly because of the digestion of tissue in 
the common duct tract, pancreatic ferments were discovered, and in those cases 
it was impossible to recover carmine particles given by mouth. He feels cer- 
tain that they were examples of pancreatic reflux. 

Two features about this condition, however, appear to cloud the issue. 
One is the lack of definite knowledge regarding the mechanism activating the 
ferments. One of his problems, when trying to demonstrate the pathologic 
picture and findings of acute pancreatitis in cats for third year medical stu- 
dents, is the marked variation in one’s ability to produce it. In some animals 
it can be produced by means of bile; in others it is not even possible even 
though bile is injected directly through the pancreatic ducts. The most con- 
stant method of producing it is by the mixing of duodenal contents with the 
bile. But bile in itself will not always effect it, which, Doctor Whipple 
thought, accounted for the fact that in many of these cases pancreatic juice 
coming out of the fistula is not activated and unless it is tested for ferments 
one would not suspect it to be a pancreatic reflux. 

The other difficulty is to explain why, with the administration of morphine, 
which is so regularly used in postoperative work, particularly in biliary tract 
surgery, there is not more evidence of common duct dilatation and damage 
to the biliary tract. The strongest proof—and it is incontestable proof 
that one does get a spasm of the sphincter was shown by the roentgenologic 
studies made by Doctor Colp, an observation noted by others. 

Doctor Whipple was not altogether in agreement with Doctor Colp in 
the assumption that lesions in the common duct are not found as a result of 
pancreatic reflux. He recalled four cases, in three of which he assisted at 
the operation so that he could vouch definitely for the fact that the common 
duct was not injured during the course of the operation, that subsequently 
developed a type of stricture of the common duct that was utterly irreparable. 
At the time of operation later, when the patients had become deeply jaundiced, 
it was impossible to find anything but a strand of dense connective tissue 
extending from the duodenum right up to the portal fissure. At times ac- 
tivated pancreatic ferments may effect considerable damage to the common 
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duct—the only explanation for the extensive and diffuse destruction of the 
common duct in the four cases cited. It would seem possible that pancreatic 
reflux could damage the common duct inasmuch as it certainly produces tis- 
sue necrosis in some cases where the pancreatic juice with pancreatic reflux 
is activated. 

Doctor Whipple expressed again his appreciation and admiration for the 
type of clinical investigation done by Doctor Colp. These studies and such 
studies as those by Wolfler and Dragstedt and Andrews, the Chicago group 
which has been very active in the study of the chemical production of acute 
cholecystitis (Doctor Whipple felt that many cases of acute cholecystitis were 
not bacterial but were definitely of a chemical origin) are supplying not only 
interesting pathologic data but observations which are exceedingly practical 
from the surgical standpoint. 


Dr. Morris K. Smitu (New York) thought that Doctor Colp’s cases 
demonstrated clearly the reflux of pancreatic juice into the biliary system and 
bile into the pancreas, as the result of spasm of the sphincter of Oddi. His 
sphincterotome and its successful use in a most difficult case were impressive. 
That spasm of the sphincter of Oddi may be the cause of some attacks of 
pain after cholecystectomy sheds light on a perplexing problem. At the Mayo 
Clinic they have been able to relieve some such attacks with amyl nitrite. 
Doctor Colp showed an operative procedure that has been followed by relief 
for a year. If further experience is likewise favorable without undue hazard 
it would seem to be a valuable contribution to biliary surgery. 


Dr. Henry F. GRAHAM (Brooklyn) stated that he had performed one 
transduodenal choledochotomy for a large stone impacted in the ampulla of 
Vater. What he remarked particularly was the violent hemorrhage that oc- 
curred as he incised the posterior wall of the duodenum over the stone. The 
sphincterotome looks like a very efficient instrument but it certainly looks 
vicious, too. He wondered if there were not some danger of incising one of 
the large vessels in the operation described by Doctor Colp. Another pos- 
sibility would be too perfect healing of the incision. Would it not be pos- 
sible to prevent bleeding and maintain the large opening by passing a good 
sized tube down the common duct through the sphincter and into the duo- 
denum, bringing the other end out through the wound in the skin? This could 
easily be removed in a week or so when healing has progressed sufficiently. 
Doctor Graham said he had used this method without incising with the 
sphincterotome. Dilators were passed and the sphincter was further stretched 
by a clamp, a tube was then passed, in order to maintain the dilatation. An 
18 or 20 F. catheter can often be used. 


Dr. SEwarD ErpMAN (New York) appreciated Doctor Colp’s interesting 
research and ingenuity in cutting the sphincter of Oddi, and his theory that 
the admixture of pancreatic ferments with the bile may be a factor in the pro- 
duction of acute cholecystitis. A number of theories have been adduced to 
explain the swollen, edematous, acute gallbladder, which is so often sterile 
so far as bacterial cultures are concerned. One of these is that pressure of 
a stone impacted in the cystic duct may so compress adjacent veins that edema 
and even gangrene may result. Perhaps, as Doctor Colp showed, in some 
cases the inflammation is chemical in origin and results from the presence of 
the pancreatic ferments. 

As for the action of morphine, which Doctor Colp claimed causes more 
spasm of the sphincter of Oddi and increased tension in the ducts, it is diffi- 
cult to explain the commonly observed fact that a single good dose of mor- 
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phine usually relieves not only the immediate pain, but ends the attack. If 
during the period of action of the morphine, the duct tension remains raised, 
the patient should awake from the effects of the drug with the same or an 
increased amount of pain. 

As for the wide adoption of cutting the sphincter of Oddi one must await 
later reports concerning its ultimate benefits, for it is possible that after full 
healing and cicitrization an actual constriction might result; for even the 
powerful sphincter ani, if cut clean through at a right-angle to the fibers, 
usually heals without loss of its sphincteric action, despite the tremendous 
pressures to which it is daily subjected. 

Lahey has found that dilatation with sounds is a satisfactory method of 
overcoming a tight sphincter of Oddi, and this would seem to be a simpler and 
safer procedure than section. 

Doctor Erdman believed that Doctor Colp’s case in which numerous adhe- 
sions in the upper abdomen were separated, may have received some of the 
benefit derived from the removal of the adhesions. 


Dr. RALPH Cop (closing), was very much interested in Doctor Whip- 
ple’s remarks concerning the occurrence of strictures in the common bile 
duct as possibly being due to a pancreatic reflux. He had previously asked 
Dr. Ellsworth Eliot, who had collected a large series of cases of benign stric- 
tures of the common bile duct, whether he had ever encountered a case in 
which at the primary operation there was a stricture of the common bile duct 
which was not congenital in origin and was not associated with gallstones and 
which possibly may have been associated with a pancreatic reflux. He stated 
that he had not been able to find one. If the common bile duct were attacked 
through the medium of a pancreatic reflux, Doctor Colp thought that patients 
clinically exhibiting enzymes in the bile might subsequently return with some 
signs referable to stricture of the common bile duct. This has not occurred 
in Popper’s series or in theirs. It is unquestionably true that the alkalinity 
present in acute gallbladders in which pancreatic enzymes are found undoubt- 
edly plays a role in the production of the acute chemical inflammation, and 
one would naturally expect to find a similar reaction in the common bile duct 
in which the bile is usually alkaline. However, Doctor Colp had never seen 
an acute choledochitis associated with a pancreatic reflux. 

Doctor Colp said that he surely had not meant to imply that he would not 
use morphine in acute gallbladder colic just because it causes a spasm of 
the sphincter of Oddi. Primarily, morphine is administered because it re- 
lieves pain, regardless of what it does to the sphincteric mechanism. It is 
quite evident from kymographic tracings that morphine causes contraction 
of the smooth muscle of the sphincter of Oddi, and also of the duodenum. 
Drugs like papaverin and various others had been administered with the idea 
of relieving pain without causing a spasm, but up to the present time Doctor 
Colp had not found this possible. 

In this series of cases the incidence of spasm of the sphincter of Oddi, 
converting the pancreatic and common bile duct into a single channel, was 
found greater than originally reported. Mann and Giordano claimed that 
from their studies on cadavers that the anatomic variations making possible a 
pancreatic reflux, occurred only in 3.5 per cent of their cases. Yet Cameron 
and Noble, by pouring Wood’s metal into the choledochus after occlusion of 
the papilla with a small stone, were able to demonstrate the pancreatic duct in 
the mold in over 75 per cent of their preparations. In the 24 cases of com- 
mon bile duct drainage, which were routinely analyzed for pancreatic fer- 
ments, enzymes were found in 33 per cent of the cases. If pancreatic secre- 
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tion may be present in the common bile duct under certain circumstances, 
then the reverse may also be true, namely, that bile may be found in the duct 
of Wirsung more frequently than heretofore supposed. 

No one would advocate the promiscuous division of the sphincter of Oddi. 
The patient presented was thoroughly studied by Dr. Isidore Feder of Brook- 
lyn, and was given every opportunity for improvement with medication and 
dietary regimen before endocholedochal sphincterotomy was performed. Doc- 
tor Colp could not agree with Doctor Erdman that the adhesions which were 
found at the time of operation could possibly have caused the attacks of 
colic. He did not believe that the simple division of these adhesions would 
have relieved, so satisfactorily, these episodes which so closely simulated 
biliary colic. Apropos of the question of stricture following endocholedochal 
sphincterotomy, he said that the sphincter had been divided in another case 
which subsequently came to autopsy a year later. The incision in the anterior 
portion of the sphincter was well healed and the papilla was wide open. There 
is always the possibility, however, that a stricture may develop, but Doctor 
Colp could not see why this should occur. In other regions of the body in 
which a sphincter is divided in a single plane, strictures do not result. On 
the other hand, he thought the forceful dilatation of the sphincter of Oddi 
with a sound from which multiple tears might result, was fraught with greater 
danger of a subsequent stricture than after performing a sphincterotomy. 
However, one cannot deduce too much from this one case. Cases of true 
sphincteric spasm are comparatively rare and surgical division of the sphincter 
should be performed only when all other therapeutic measures have failed. 
In answer to the question raised by Doctor Graham as to danger of hemor- 
rhage of the divided sphincter, Doctor Colp stated that: This procedure of 
endocholedochal sphincterotomy had been performed on many cadavers and 
they were unable to find that any vessel of appreciable size had been divided. 
The suggestion of putting a tube in the common duct and passing it through 
the sphincter of Oddi to act in an hemostatic capacity 1s a very good one. 
There is another method of dividing the sphincter. Doctor Archibald told ns 
he had employed it in several cases by a simple technic. He introduced < 
probe down into the common duct to the papilla. The papilla was then i 
vated against the anterior duodenal wall and a small incision was made into 
the bowel in this area. The sphincter of Oddi, which was easily visualized, 
was then divided and the duodenum subsequently entered. Doctor ¢ ‘olp said 
he preferred not to incise the duodenum unless it is absolutely essential, be- 
cause, aside from the possibility of a fistula, a troublesome deformity might 
result. It would appear that this method of endocholedochal sphincterotomy 
should receive further trial in suitable cases. 
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STUDIES ON RENAL HYPERTENSION * 


THE EFFECT OF DEVIATING URINE INTO THE BLOOD STREAM AND 
INTESTINES OF DOGS 
Wittram ALLYN GEER, M.D., 
AND 


Lester R. Dracstept, Px.D., M.D. 


Cuicaco, IL. 
FROM THE DEPARTMENT OF SURGERY OF THE UNIVERSITY OF CHICAGO, CHICAGO, ILL 

THE present experiments were undertaken in order to throw some light 
on the pathogenesis of renal hypertension. It is now well established that ele- 
vation of the arterial blood pressure can be produced in animals by various 
procedures which decrease the blood flow through the kidneys. Thus, partial 
ligation of the renal arteries ( Janeway,’ 1909, Hartwich,?* 1929, and Fried- 
man,* 1930) ; constriction of the renal veins (Bell and Pederson,’ 1930, and 
Menendez,® 1933); the production of interstitial fibrosis in the kidneys by 
exposure to roentgen rays (Hartman, Bolliger, and Doub,’ 1927) ; compres- 
sion of the renal arteries with adjustable clamps (Goldblatt, Lynch, Hanzal, 
and Summerville,* 1934); and the ligation of one or both ureters (Hart 


wich,” * and Harrison, Mason, Resnik, and Rainey,” 1936), have each been 


found to cause a rise in the blood pressure. In some of these experiments 
hypertension has been maintained for long periods of time.* * * The mecha 
nism by which changes in the kidney or in its blood supply produce this ab 
normal rise in blood pressure has aroused great interest but is still not 
entirely understood. 

A reflex effect from the ischemic kidney appears to have been ruled out 
as the cause of this type of hypertension by the findings that it is not pre- 
1 1935, and Collins," 
1936), excision of the splanchnic nerves (Goldblatt,’* 1936), or complete 


vented or relieved by denervation of the kidneys ( Page, 


sympathectomy (Alpert, Alving, and Grimson!’ ). Furthermore, hypertension 
has been produced by constricting the blood supply to a single kidney trans- 
planted to the neck (Blalock and Levy,'* 1937) or to the groin (Glenn, Child, 
and Heuer,!® 1937). There remains the possibility that some chemical sub 
stance is absorbed from the ischemic kidney and that this exerts a pressor 
effect upon the endings of the vasoconstrictor nerves or directly upon the 
blood vessels. Such a substance might conceivably appear in the blood stream 
as a result of normal metabolic processes and fail to be adequately excreted 
by the damaged kidneys or it might be produced locally by the ischemic or- 
gans. In either case it would be expected to accumulate in the blood and 
perhaps be found to a certain extent in the urine or in extracts of the kidneys. 

* This investigation has been aided by a grant from the Josiah Macy, Jr., Foundation 
Submitted for publication January 22, 1938. 
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In the present experiments, the urine from one or both kidneys has been 
deviated either directly into the blood stream or into the intestines, and ob- 
servations made as to the effect of these procedures upon the blood pressure 
and general health of the animals. It has been well established that following 
bilateral nephrectomy the blood pressure does not rise above normal during 
the few remaining days of life (Blalock and Levy,'* 1937). This experiment 
suggests that retention of waste products normally excreted in the urine does 
not produce a pressor effect. On the other hand, the observation that ligation 


of the ureters commonly results in a definite hypertension”: *: ® 


indicates that 
the kidneys may normally add some pressor substance to the urine which is 
reabsorbed under these conditions. 

Observations on the Effect of the Chronic Reabsorption of Urine from the 
Intestines upon the Blood Pressure-—When both ureters are implanted into 
the duodenum of dogs, the urine is almost completely reabsorbed, the non- 
protein nitrogen of the blood rises to very high levels, and the animals die 
within a relatively few days of uremia (Baird, Scott, and Spencer,’® 1917, and 
Hinman and Belt,'’ 1922). Deviation of the urine from both kidneys into the 
lower small intestine, however, is tolerated fairly well for relatively long 
periods even though considerable elevations in the blood urea indicate con- 


18 ony 
1927 ). 


tinuous reabsorption of at least part of the urine (Bollman and Mann, 
A variation of this latter method was employed in the present experiments. 
Healthy adult dogs were selected, and all operations were performed under 
ether anesthesia, and with the usual aseptic precautions. The bladder neck 
was crushed, transected, and ligated, thus freeing it from the urethra; a wide 
lateral anastomosis was then made between the fundus of the bladder and 
the ileum about 12 cm. from the ileocecal valve. This procedure was found 
to be superior to direct implantation of the ureters into the intestine because 
of the high incidence of partial ureteral obstruction with the latter method. 
Determinations of the blood pressure were made by inserting a needle con- 
nected with a mercury manometer directly into the femoral artery. The non- 
protein nitrogen of the blood was determined in the usual way. Significant 
results were obtained with four animals. Recovery from the immediate effects 
of the operation was usually prompt and complete. A diet of ground beef, 
bread, and milk was provided, but three of the animals ate very little, became 
progressively emaciated, and died or were destroyed in 20, 23, and 28 days, 
respectively. One animal took food regularly and survived for 89 days when 
he contracted distemper and was electrocuted. A definite and sustained eleva- 
tion in the nonprotein nitrogen of the blood occurred in each case following 
operation, but in all the postoperative blood pressure readings were lower 
than the preoperative controls. The details of these experiments are given in 


the following summarized protocols. 



































Dog No. 1.—Control blood pressure was 130 Mm. Hg.. and the N.P.N. of blood 38 mg. 
Operation.—Lateral anastomosis between the bladder and lower ileum. Following operation the animal 


very largely refused food and became increasingly cachectic. On the sixteenth postoperative day the 
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blood pressure measured 110 Mm. Hg., and the blood N.P.N. was 50 mg. per cent. The animal died 
on the twentieth day. Autopsy revealed a patent anastomosis between the bladder and ileum, and the 
kidneys and ureters appeared grossly normal. Microscopic examination of the kidneys revealed moderate 
hyalin changes in the tubules and glomeruli and slight fatty infiltration. 

Dog No. 2.—Wt. 11.0 Kg. The preoperative blood pressure was 120 Mm. Hg., and the blood 
N.P.N. 32 mg. 

Operation.—Lateral anastomosis between the bladder and the lower ileum. On the eighteenth day 
after operation the N.P.N. was 107 mg., but the blood pressure had decreased to 112 Mm. Hg. The 
animal became progressively weaker and emaciated and died on the twenty-third day, weighing at this 
time only 6.7 Kg. At autopsy the kidneys and ureters were found to be normal on both gross and 
microscopic examination. The anastomosis was patent. A small fistulous tract was present between 
the bladder and urethra. 

Dog No. 3.—Wt. 12.8 Kg. The preoperative control blood pressure readings averaged 150 Mm. Hg 
and the N.P.N. was 35 mg. per cent. 

Operation.—Lateral anastomosis between the bladder and lower ileum. This animal took his food 
fairly well and remained in good physical condition. On the fourteenth postoperative day the blood 
pressure was 130 Mm. Hg., and the N.P.N. 45 mg.; on the thirty-seventh day the blood pressure was 
140 Mm. Hg., and the N.P.N. 54 mg.; on the fifty-second day the blood pressure was 130 Mm. Hg., the 
N.P.N. 73 mg., and the weight had decreased to 7.5 Kg.; on the sixty-fifth day the blood pressure was 
106 Mm. Hg., the N.P.N. 79 mg., and the weight had increased to 8.7 Kg.; and on the eighty-ninth 
day the blood pressure was 112 Mm. Hg., the N.P.N. 72 mg., and the weight 8.8 Kg. The animal was 


electrocuted because of distemper on the eighty-ninth day after operation. At autopsy the anastomosis 
was patent and the kidneys and ureters appeared grossly normal. On microscopic examination the 
kidneys displayed occasional areas of hyalin degeneration, but were otherwise normal. The aorta, 


peritoneum, spleen, liver, adrenals, heart, and lungs were grossly normal. 

Dog No. 4.—Wt. 11.2 Kg. The preoperative blood pressure was 130 Mm. Hg. 

Operation.—Lateral anastomosis between the bladder and the terminal ileum. On the fifteenth day 
after operation the blood pressure measured 100 Mm. Hg. On the nineteenth day the N.P.N. was 60 mg., 
and on the twenty-eighth day 57 mg. per 100 c¢ On the twenty-eighth day the animal developed 
distemper and was electrocuted. The anastomosis was found to be patent and the ureters and kidneys 
appeared normal on gross inspection. 

The experimental data, while not extensive, were sufficiently uniform to 
prove that the continuous partial reabsorption of urine from the alimentary 
tract in dogs does not produce hypertension. The amount of reabsorption 
was sufficient to maintain a persistent elevation of the blood nonprotein 
nitrogen at about twice the normal level. Clinical evidence of a chronic tox- 
emia was also present as evidenced by the persistent anorexia, depression, 
and marked loss in body weight. 

Observations on the Effect of Deviating the Urine from One Kidney 
Directly into the Circulation—Absorption from the gastro-intestinal tract is 
well known to be a selective process and the possibility remained that some 
pressor substance excreted with the urine failed to be reabsorbed by the in- 
testinal mucosa in the preceding experiments. To test this possibility, a direct 
anastomosis was made between the ureter from one kidney and a convenient 
vein, usually the lumbar vein or the inferior vena cava. This procedure has 
been reported, by a number of authors, to cause a rapidly fatal toxemia, and 
the existence of a specific nephrogenic toxin has been postulated to account 
for the result. Since the literature in this field is conflicting and since the 
possibility of such a specific substance of renal origin is of considerable signifi- 
cance in the present problem, the previous work will be briefly reviewed. 

sriicke,!® in 1926, was apparently the first to perform the experiment. 
He reported that of six dogs in which an anastomosis was made between one 
ureter and a vein, five died on the second postoperative day. One animal 
lived five days. All refused food, had frequent attacks of vomiting, and the 
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nonprotein nitrogen of the blood rose to 120 and 300 mg. per cent. At 
necropsy the significant findings were hyperemia and edema of the gastro- 
intestinal mucosa, pericardial and meningeal hemorrhages, early pneumonia, 
signs of peritoneal irritation, and in two cases pulmonary emboli. He con- 
cluded that the kidney must secrete a poison. 


In 1927, Galehr and Ito 
O27 


working in brucke’s laboratory repeated the 
experiments with similar results. Of eight dogs with patent unilateral ureter- 
vein anastomoses, seven died within two days and one survived for five days. 
The postmortem findings were peritonitis, pneumonia, and pulmonary em- 
bolism. These authors also concluded that the kidney secretes a poison in 
addition to its function of removing waste products from the blood. This 
poison, they believed, might play a part in the clinical syndrome of uremia. 

Hartwich and Hessel?! also repeated Briicke’s experiment with similar 
findings. In one group of animals they anastomosed one ureter and the iliac 
vein, and in another an anastomosis was made between one ureter and the 
portal vein. Five of the animals in the first group died within 43 hours, one 
survived 180 hours. The four animals in the second group died within 38 
to 73 hours. In each case the blood urea was markedly elevated, the maximum 
being 453 mg. per cent. The postmortem findings were pericardial hemor- 
rhages, fatty infiltration of the liver, acute inflammation of the gastro-intestinal 
mucosa, and bloody fluid in the peritoneal cavity. These authors likewise con- 
cluded that the kidney secretes a poison. 

Enderlen, Zukschwert, and Feucht** preceded the operation of a unilateral 
ureter-vein anastomosis by a period of eight to ten days of complete obstruc- 
tion of the ureter to be anastomosed. They then made a side-to-side anas- 
tomosis between the distended ureter and either the vena cava or the portal 
vein. The longest survival after the vena cava anastomosis was ten days, 
and after the portal vein anastomosis, five days. Jaundice was observed in 
the animals of the first group but not in those with portal vein anastomoses. 
An elevation of the blood pressure was reported after each type of operation, 
but readings were not given. Fatty changes in the liver were not seen. They 
concluded that the urine from a hydronephrotic kidney was less toxic than 
that from the normal organ. 

Serra,”*: 74 in 1928, described experiments with four dogs with a unilateral 
end-to-end anastomosis between the ureteral orifice and the iliac vein, and in 
which there was evidence at autopsy of free uretero-venous communication. 
These animals were weak and ate little but did not show the profound post- 
operative depression described by the previous authors. The blood urea was 
variable and as a rule did not exceed 120 mg. per cent. They were sacrificed 
after six to 18 days, and at necropsy slight or no hydronephrosis was found 
on the operated side. There was evidence of inflammation about the anas- 
tomoses, and thrombi were present, but water forced into the ureter passed 
readily into the lumen of the vein. Serra did not believe that his data afforded 
evidence for the existence of a uephrogenic toxin as postulated by Briicke, but 
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that the changes in the liver and kidneys described could be attributed to the 
secretory vicious circle. 

Lozzi,"’ in 1932, reported that dogs, in which a patent uretero-venous 
anastomosis had been established on one side, regularly died in one to four 
days. The period of survival was found to be somewhat longer when the 
urine was drained into the portal vein than when the union was made with 
the iliac or femoral veins. The nonprotein nitrogen of the blood usually rose 
to about 110 mg. per cent. Fatty infiltration of the liver and degenerative 
changes in the kidneys were commonly found at autopsy. Although the data 
presented by Lozzi resemble Brucke’s results more closely than those of Serra, 
l.ozzi concluded that it was not necessary to assume the existence of a nephro- 
genic toxin. 

The problem suggested by the reports of Brucke and the others is of such 
fundamental importance that it seems surprising that it has not aroused more 
widespread interest. If the experimental data are valid the conclusion that 
the kidney adds some highly toxic substance to the urine is inescapable. Ex- 
cision of one kidney or ligation of one ureter does not produce a comparable 
effect. A somewhat similar situation exists in the case of the biliary secretion. 
Ligation of the common bile duct may be tolerated fairly well for several 
weeks or even months, whereas, L. R. Dragstedt and Spurrier*® (1929) found 
that deviation of the bile into the blood stream by anastomosis of the common 
bile duct and vena cava or portal vein caused death in about 24 hours. 

Experimental Procedure —Healthy, adult male dogs were selected and 
all operations were performed under ether anesthesia and with aseptic precau- 
tions. As in the previous experiments blood pressure determinations were 
made by inserting a needle connected with a mercury manometer directly 
into the femoral artery. The right ureter was divided and connected to the 
right lumbar vein by means of a small glass cannula. The tip of the cannula 
was allowed to project into the lumen of the vena cava. The posterior parietal 
peritoneum was closed over the anastomosis. Four successful experiments 
were accomplished and the results were fairly uniform. Recovery from the 
operation was prompt and there were no subsequent signs of toxemia. To 
determine the functional capacity of the kidney on the operated side and the 
patency of the uretero-venous anastomosis, an intravenous pyelogram was made 
at various intervals after the operation. The demonstration of contrast medium 
in the pelvis of the kidney roentgenologically was taken as evidence of the 
functional integrity of the organ and as an indication that the anastomosis 
was patent since complete obstruction to a ureter prevents the appearance of 
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the radiopaque dye on the corresponding side.2*.* The findings are sum- 


marized in the following protocols. 


Dog No. 5.—The preoperative blood pressure measured 130 Mm. Heg. 

Operation.—The right ureter was sectioned and connected by a glass cannula with the right lumbar 
vein, peritoneum closed over the anastomosis. On the third day the general condition of the dog was 
good, the blood pressure was 130 Mm. Hg.; both kidney pelves were visualized roentgenologically after 
the intravenous injection of diodrast. On the fourth day the N.P.N. was 27 mg. per cent, on the 
eleventh day 29 mg., and the blood pressure 120 Mm. There were no symptoms of depression. To obtain 
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additional evidence as to the patency of the anastomosis the right kidney was exposed under ether 
anesthesia. There was a moderate degree of hydronephrosis. Ten cubic centimeters of a concentrated 
aqueous solution of methylene blue were injected into the right renal pelvis. Blood samples were drawn 


from the femoral vein three, five, and ten minutes later and oxalated. The plasma of all three specimens 


had the greenish tinge which denotes the presence of methylene blue in the blood. The dog was then 
killed with ether. The region around the anastomosis was covered by a firm, clean scar, there was no 
evidence of leakage, and the peritoneum was normal. The tip of the cannula was found to project into 


the lumen of the vena cava, and pressure on the right renal pelvis caused urine to flow freely from 
the cannula. There was a moderate right hydronephrosis. No fatty infiltration of the liver was found, 
and microscopic sections of the kidneys were normal. 

Dog No. 6.—The control blood pressure was 140 Mm. Hg. 

Operation.—The right ureter was connected with the lumbar vein by a glass cannula. Postoperative 
condition good. N.P.N. on the fourth day was 38 mg. per cent. On the eleventh day the blood pressure 
was 110 Mm. Hg., and the pelves were visualized roentgenologically after intravenous injection of diodrast. 
The animal was found dead on the thirteenth day. There was a small collection of pus in the region 
of the anastomosis but no evidence of peritonitis. The tip of the cannula projected into the lumen of the 
vena cava; there was a moderate right hydronephrosis, and pressure on the right renal pelvis caused 
urine to flow from the cannula. The lungs were congested, and a small amount of blood tinged fluid 
was found in the pericardial cavity. The liver and kidneys were normal. 

Dog No. 7.—The control blood pressure was 130 Mm. Hg. 

Operation.—The right ureter was connected with the lumbar vein by a glass cannula. On the 
fifth day the blood pressure was 126 Mm., the N.P.N. 29 mg. per cent, and both kidney pelves were 
visualized roentgenologically after the intravenous injection of diodrast. On the fourteenth day the 
N.P.N. was 31 mg. per cent, and the kidney pelves were again well visualized. On the thirty-seventh 


day the blood pressure was 120 Mm., the N.P.N. 38 mg. per cent, but the kidney pelvis on the side 
operated upon did not visualize after intravenous injection of diodrast. The animal was in excellent 
condition and was sacrificed by electrocution. There was a marked right hydronephrosis, and a stricture 
was found in the right ureter near its junction with the cannula. The cannula projected into the lumen of 
the vena cava and pressure on the right renal pelvis caused a slight flow of clear urine. The liver and 
kidneys were normal except for a slight dilatation of the tubules of the kidney on the right side. 

Dog No. 8.—The control blood pressure was 150 Mm. Hg. 

Operation.—The right ureter was connected with the lumbar vein by a glass cannula. On the tenth 
day the blood pressure was 130 Mm., and the N.P.N. 43 mg. per cent. On the eleventh day both 
kidney pelves visualized roentgenologically after intravenous injection of diodrast. On the twenty-eighth 
day the blood pressure was 150 Mm., the N.P.N. 44 mg. per cent; but the right kidney pelvis did not 
visualize after intravenous injection of diodrast. The animal was in excellent health and was sacrificed 
by electrocution. Postmortem examination revealed a marked right hydronephrosis; the anastomosis 
was good, and on pressure on the right renal pelvis a small blood clot was expressed followed by clear 
urine. The liver and kidney sections were normal. 


Discussion —The results following anastomosis of the urinary bladder 
with the lower ileum in the present experiments were similar to those reported 


18 


by Bollman and Mann’ following implantation of the ureters into the lower 
intestine. A toxic state was produced characterized by muscular weakness, 
anorexia, and persistent elevation of the nonprotein nitrogen of the blood. 
However, vomiting, prostration, and muscular twitchings, such as have been 
described, accompanying the uremia caused by ligation of the renal arteries 
or by roentgen-ray damage to the kidneys, were not observed. Degenerative 


’ in the same 


changes in the kidneys, similar to those reported by Hartman?! 
type of experiment, were found. Hartman attributed these changes to the 
increase of the nonprotein nitrogen of the blood. The failure of these animals 
to develop arterial hypertension indicates, either that there is no pressor 
substance excreted in the urine from normal kidneys, or, if so, it is not absorbed 
by the intestinal mucosa. 

The reports in the literature of profound toxemia, elevation of the non- 
protein nitrogen of the blood, rise in arterial blood pressure, and early death 
with degenerative changes in the liver and kidneys of dogs with unilateral 
ureter-vein anastomoses, were not confirmed in our experiments. The ani- 
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mals survived for long periods, in good health, and no changes in the blood 
pressure or blood chemistry were found. Hydronephrosis on the side operated 
upon was found in all cases at autopsy, and was evident in the intravenous 
pyelograms. The cause of this hydronephrosis is not clear. It is not due to 
complete interference with the passage of urine into the blood stream since 
diodrast injected intravenously appeared in the pelvis of the kidney as late 
as 14 days after operation, but not thereafter. Complete ureteral obstruction 
has been reported to prevent visualization of the corresponding kidney pelvis 
by this method.?* 75 
was obtained in Dog No. 5 by injecting methylene blue into the right renal 


Additional evidence for the patency of the anastomosis 


pelvis while the animal was under ether anesthesia, then recovering methylene 
blue from the femoral vein three minutes later. It is probable that the maxi- 
mum drainage of urine into the blood stream took place during the first few 
days after the operation, and that this became greatly diminished, or ceased 
altogether, in the course of several weeks. The failure of these animals, there- 
fore, to display any signs of toxemia or elevation of blood pressure in the 
period immediately after the operation speaks against the assumption of a 
specific nephrogenic toxin and indicates that the possible pressor agent in 
renal hypertension is not a constituent of normal urine. 


CONCLUSIONS 
(1) Dogs, in which a chronic partial reabsorption of urine has been pro- 
duced by draining the urine from both kidneys into the terminal ileum, do 
not exhibit an elevation of arterial blood pressure. 
(2) The continued deviation of the urine from one kidney into the blood 
stream does not produce toxic symptoms or changes in the blood pressure. 
(3) These experiments do not support the theory of a specific nephrogenic 
toxin as suggested by Brticke and others. 
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PRIMARY CARCINOMA OF THE URETER 


CHARLES C. Hicotns, M.D. 


CLEVELAND, OHIO 
FROM THE CLEVELAND CLINIC, CLEVELAND, OHIO 

PRIMARY carcinoma of the ureter is a relatively rare malignant disease, 
although the number of articles on this subject which have appeared in recent 
years indicates that its occurrence is increasing in frequency or it is being 
recognized more often than was evident prior to 1920. 

In 1841, Rayer!’ described the first case of primary carcinoma of the 
ureter. This was discovered at autopsy and no microscopic description of 
the tumor was given. Wishing and Blix,” in 1876, cited the first microscopic 
report of this condition, while Albarran,® in 1902, established the first veri- 
fied preoperative diagnosis and in a review of the literature collected ten 
cases. Meeker and McCarthy,* in 1922, included five cases from the litera- 
ture that had not previously been noted in collected series and added one 
of their own, bringing the total to 33. In 1924, Kretschmer® reviewed 34 
cases collected from the literature and added one of his own. This number 
was increased to 50 in 1930 in a publication by Rousselot and Lamon.® 
Spampinato’ collected 88 cases in 1932, but no descriptions of some of the 
pathologic sections were given in certain instances so all these cases cannot 
be included in the collected series. Scott,® in 1934, made a comprehensive 
and critical study of this subject, adding two cases of his own and reviewing 
59 reported in the literature. In the same year, Lazarus” collected a series 
of 68 cases, including three of his own, but he did not include Spampinato’s 
report made two years previously. Cases were also presented during this 
year by Colston’? and Harrah," and, in 1935, Hunter,’? and Mathé and 
Pena'* reported similar lesions. In 1936, the collected series was increased 
by Hosel,!* Counseller,!® Gilbert,’® and Taylor.'* In a review of the records 
of the Cleveland Clinic, five cases of primary carcinomata of the ureter have 
been noted. It is a striking fact that, as refinements have been made in 
urologic diagnostic methods, the lesion has been observed more frequently. 
In 1896, Hektoen'® was able to find in the literature only two references to 
malignancies in this location. 

It is rather difficult to estimate the exact number of cases reported in 
the literature due to the various terms which have been employed to classify 
the lesion, and the possibility that the growth may be metastatic or secondary 
to a tumor outside or elsewhere in the genito-urinary tract. However, as 
nearly as can be determined, approximately 86 collected cases are available 
for study at the present time, and the appended five case reports from the 
Cleveland Clinic series are added. 

Submitted for publication January 10, 1938. 
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CASE REPORTS 


Case 1.—A male, age 63, entered the Clinic in April, 1930, complaining of “kidney 


trouble.” One year previous to our examination, he had first observed the presence of 


blood in the urine, which was not associated with pain, frequency, or burning. The hema- 
turia persisted for several days and then was not noted again until six months later 
when it recurred, and pain was first experienced in the region of the right kidney. 
At that time, a cystoscopic examination was performed elsewhere and the patient was 
told the bladder was normal, but that difficulty was encountered in passing a catheter 
up the right ureter. 

Three months before he entered the Clinic, gastric upsets occurred frequently, 
which were characterized by nausea, epigastric distress, and regurgitation of sour food. 
No hematemesis or melena had been noted. Examination of the stomach, by the 
fluoroscope, failed to reveal any gastric or duodenal lesion. During the preceding year, 
since the first appearance of hematuria, the patient had lost 24 pounds in weight. 

Physical Examination revealed a poorly nourished man with evidence of loss in 
weight. Temperature, 99.4° F.; pulse, 76; blood pressure, 170/100. Examination of 
the heart revealed no abnormality except for frequent extrasystoles. The peripheral 
vessels showed considerable sclerosis. Palpation revealed no evidence of disease and 
there was no tenderness over either kidney or ureter. 

Laboratory Data—Uranalysis showed 1 plus albumin, 50 to 60 red blood cells, and 
eight to ten white blood cells per high power field. The other laboratory examinations 
gave essentially normal findings. 

Initial Roentgenograms revealed no evidence of pathology, and those of the chest 
and the pelvis were also negative. 

Cystoscopic Examination revealed coarse trabeculations of the bladder. The ureteral 
orifices were visualized and blood was seen issuing from the right ureteral orifice. 
A ureteral catheter was passed, without obstruction, to the left kidney pelvis, but 
catheterization of the right ureter met with an obstruction at a point approximately 
10 cm. from the bladder. By means of a Garceau catheter, sodium iodide was injected 
into the lower end of this ureter and a roentgenogram showed sacculation and obstruc- 
tion of the ureter at about the brim of the pelvis (Fig. 1). 

Preoperative Diagnosis.—The clinical impression was that the patient had either a 
primary tumor of the kidney with an implant in the lower ureter or a primary tumor 
of the ureter itself. 

Operation —April 29, 1930: A right nephrectomy and ureterectomy was performed. 
The kidney was small but the pelvis was markedly dilated. The ureter was dissected down 
to the bladder and at the point at which the ureter crossed the iliac vessels, a firm tumor 
mass was found, which measured 4x2x2cm. By careful dissection, this mass was 
freed from the vessels and the ureter was removed down to within 2 cm. of the bladder. 
Convalescence was uneventful and the patient was discharged from the hospital on the 
twelfth day following operation. 

Pathologic Examination.—Gross: The specimen consisted of a kidney and 14 cm. of 
the ureter. The entire specimen weighed 120 Gm.; the kidney showed a large, dilated, 
extrarenal pelvis and a primary carcinoma of the ureter 12 cm. below the kidney. The 
kidney was somewhat smaller than normal, measuring 8.5 cm. in length, 5 cm. trans- 
versely, and 3 cm. in thickness. Twelve centimeters below the kidney, the ureter en- 
larged into a nodular mass measuring 4 cm. in length and 2.5 cm. in diameter. This 
mass was quite firm, immovable and was entirely surrounded by the ureter. 

Microscopic.—A section of the kidney showed sclerosis and hyalinization of the 
glomeruli in all stages, with only a few scattered glomeruli that were fairly well 
preserved. There was diffuse fibrosis of the cortex and medulla and diffuse and 
localized lymphocytic infiltration. The larger arteries showed a well marked thickening 
272 





are 


opogeeape. 











Volume 108 CARCINOMA OF THE URETER 
of the intima, with degenerative changes and lamination of the elastic coat. The pelvic 
mucosa showed no evidence of neoplasm. 

A section of the ureter above the tumor revealed slight thickening of the wall; hyper- 
trophy of the muscular coat and an atrophic mucosa; dilatation of the submucous 
blood vessels; and slight inflammatory reaction. 

Longitudinal sections through the ureteral tumor showed a papillomatous, epithelial 


growth involving the mucosa and infiltrating the submucosa, with very little evidence 





Fic. 1.—Case 1: Right ureterogram showing sacculation and obstruction of the lower 
end of the urecer at about the brim of the pelvis. The filling defect is irregular and suggests 


tumor of the «ureter. 


of invasion of the muscular coat (Fig. 2). The papillary arrangement was best shown 
along the free border of the tumor where there were well defined fibrous and well 
vascularized central areas over the papillomatous growths. These were quite edematous. 
The tumor cells were fairly uniform in size, type, and staining. They were polyhedral 
or large and spindle-shaped without glands or pearl formation. Mitotic figures were 
fairly numerous. A section of the ureter below the tumor showed a small patent lumen 
lined with normal ureteral mucosa, no thickening of the wall, and no neoplasm. Exami- 


nation of the peripelvic lymph nodes showed extensive carcinomatous invasion similar 
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to that described above. Pathologic Diagnosis—Papillary carcinoma of the ureter. 

Subsequent Course —The patient died from metastases a few months after leaving 
the hospital. 

Case 2.—A female, age 58, was seen at the Clinic in December, 1923. Her chief 
complaint was of pain in the left renal region and in the left hip and thigh. The 
pain in the kidney region was sharp at times and dull at other periods, and had become 
more troublesome during the two months previous to examination. She had noted 
hematuria on several occasions. One sister had died from carcinoma of the breast. 

Physical Examination revealed marked tenderness in the suprapubic region, and a 
cord-like mass of tissue was palpated longitudinally, just lateral to the midline on the 
left side and spreading out before the level of the umbilicus was reached. 

Initial Roentgenograms of the genito-urinary tract did not reveal any suspicious 
shadows, and a pyelogram of the left side could not be secured. 

Laboratory Data—Examination of the urine showed albumin plus 2, and pus 
plus 2. R.B.C., 4,500,000; W.B.C., 11,400. 





Fic. 2.—Case 1: Photomicrograph show- Fic. 3.—Case 2: Photomicrograph show- 
ing papillary carcinoma of the ureter. (Orig ing papillary carcinoma primary in the ureter. 
inal photo X150) (Original photo X150) 


Cystoscopic Examinations, of which several were made, revealed a normal-appear- 
ing bladder, but an obstruction was encountered about one inch above the ureteral 
orifice on the left side. 

Diagnosis —Papillary carcinoma of the kidney pelvis with implant in the lower 
ureter or primary carcinoma of the left ureter; nonopaque stone. 

Operation—The left ureter was found to be extremely dilated. It was exposed 
down to the bladder, and at its lower part, approximately one inch above the bladder, 
there was a hard growth, not attached to the adjacent tissue. The kidney, the ureter, 
and a small portion of the bladder were removed. 

Pathologic Examination—Gross: Showed that the growth was a papillary car- 
cinoma, primary in the ureter. No tumor was present in the kidney. 

Microscopic—Showed a section of fibrous tissue, containing numerous lacunae, in 
which lay epithelial cells, some in masses and other in papillary rows. The nuclei of 
these cells varied in size and were very vesicular (Fig. 3) Pathologic Diagnosis: 
Malignant papilloma of ureter. 

Subsequent Course.—The patient died, apparently from metastases, two years after 


operation. 
Case 3.—A male, age 609, entered the Clinic in April, 1932, complaining of pain 
in the left lower abdomen, hematuria, and dyspnea. These symptoms had begun 


about two years previously; during the preceding month gravel had been passed in 
the urine. Hematuria had first been noticed one year previously, but had not been 
present constantly. There had been nocturia two to three times for the past two years. 

Physical Examination showed a well nourished man, weighing 160 pounds. Tem- 
perature, 98° F.; pulse, 90; blood pressure, 170/100. A loud systolic murmur at the 
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apex was transmitted toward the axilla. Palpation revealed no abnormal organs but 
there was moderate tenderness on deep pressure over the region of the left kidney. 
The prostate was enlarged, Grade 2; it was firm but not hard or fixed. 

Laboratory Data—R.B.C., 4,680,000; W.B.C., 9,800; Hb., 89 per cent. The urine 
contained numerous red blood and a few pus cells. Blood sugar, 110 mg. per 100 cc.; 
blood urea, 45 mg. per 100 cc. 

Initial Roentgenograms revealed no abnormal findings. 


4 





Intravenous urogram showing no evidence of visualization of the left kidney and 
The total function was good. 


be. 


Fic. 4.—Case 3: 


ureter, with a large diverticulum of the bladder. 


Cystoscopic Examination revealed a large amount of bloody urine in the bladder. 
In the region of the left ureteral orifice there was a large diverticulum. The ureteral 
orifice could not be visualized and blood could be seen spurting out of the diverticulum. 

An Intravenous Urogram showed the right kidney and ureter to be normal (Fig. 4). 
The left kidney pelvis and the ureter were not visualized. 

Diagnosis.—Obstruction of left ureter due to tumor or nonopaque calculus. 

Operation—A tumor was found in the left lower ureter about one inch above the 


Zio 








CHARLES C. HIGGINS Annals of Surgery 


August, 1938 


ureteral orifice which emptied into the diverticulum. The lower ureter and the diverticu- 
lum were removed and the ureter reimplanted into the bladder. The patient died from 
pulmonary complications three days later. 

Pathologic Examination.—M icroscopic: 
Section of the tumor showed diffuse infiltration 


of the coats of the ureter by small and large 





“05 solid masses of epithelial cells showing numer- 


% 
TS ous mitotic figures and irregular nuclear divi- 
: sions (Fig. 5). The neoplastic infiltration ex- 
tended from the mucous membrane, which was 
partially destroyed and replaced, to the adven- 
titia in some areas. In the outer coat, clumps 
of tumor cells were present in the lymphatics. 
Pathologic Diagnosts—Carcinoma of the 
left ureter; diverticulum of the bladder. 
Fic. s.—Case 3: Photomicrograph show- Case 4.—A female, age 55, came to th 


ing primary carcinoma of the ureter. (Original 


photo X150) Clinic in July, 1933, complaining chiefly 





Fic. 6.—Case 4: Intravenous urogram showing visualization of the left kidney which appears to 
be normal. The right kidney and ureter were not visualized. 
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of pain in the right renal area, hematuria and burning on urination which had been 
present for about two years. The burning occurred at the end of urination, but the 
urine itself was red in color. During the preceding few weeks, nocturia two or three 
times had been present. 

Physical Examination revealed a well nourished woman, weighing 151 pounds. 
Pulse, 90; temperature, 98° F.; blood pressure, 140/85. No abdominal organs were 
palpable and no tenderness was elicited over either kidney. On vaginal examination, 
a small, hard mass was palpable to the right of the cervix. This mass felt like a calculus 
in the lower right ureter. 

Laboratory Data—R.B.C. 4,000,000; W.B.C., 8,200; Hb., 88 per cent. Uranalysis 
showed faint traces of albumin, numerous pus cells, and a few red blood cells. The 
Wassermann reaction was negative. Blood urea, 36 mg. per 100 cc. 

Initial Roentgenogram showed no abnormal findings. 

Cystoscopic Examination revealed a tumor about the size of a hulled hickory nut 
protruding from the right ureteral orifice. The tumor was irregular and quite vascular, 
and was believed to be secondary to a tumor of the right kidney pelvis. 

Intravenous Urograms visualized the left kidney, which appeared normal (Fig. 6). 
The right kidney and ureter were not visualized. 

Diagnosis —Primary carcinoma of the right ureter or implant from carcinoma of 
right kidney pelvis. 

Operation.—October, 1934: The right kidney and ureter were removed. 

Pathologic Examination.—Microscopic: 
Revealed a squamous cell carcinoma of the right 
ureter. Section through the ureter and tumor 
mass showed some areas of normal mucosa, but 
in other areas the mucosa was replaced by 
tumor tissue, which consisted of solid masses 
of epithelial cells which did not form glands 
or pearls. There was extensive infiltration 
by tumor cells, large areas of necrosis in the 
tumor, and a mild inflammatory reaction 


(Fig. 7). Pathologic Diagnosis —Squamous 





cell carcinoma of the ureter. Hhks~9 aa a=” Wieinalicnigtents- thon 

Subsequent Course —The patient returned ing squamous cell carcinoma of the ureter 
to the Clinic five months later, February, 1935, a ee 
complaining of pelvic pain, and roentgenotherapy was instituted. Her condition at that 
time was critical; no further word, however, has been heard from her. 

Case 5.—A male, age 75, came to the Clinic, January 25, 1935, complaining of 
difficulty in urination, pain in the lower back, and vague pain in the region of the left 
kidney. These symptoms had been present for about a year. Three days before ad- 
mission, bright red blood had been passed in the urine. Cystoscopic examination had 
been performed elsewhere, and the patient had been told that there was a mass in the 
lower left wall of the bladder. The patient said he had lost approximately ten pounds 
in weight during the preceding year. 

Physical Examination revealed a fairly well nourished man weighing 160 pounds. 
Temperature, 98.6° F.; pulse, 70; blood pressure, 150/90. The examination revealed 
no abnormalities aside from a Grade 2 enlargement of the prostate. 

Laboratory Data—R.B.C., 5,129,0c0; W.B.C., 11,000; Hb., 81 per cent. The 
urine contained traces of albumin, 2 plus white blood cells, and 4 plus red blood cells 
Blood urea, 45 mg. Wassermann reaction, negative. 

Initial Roentgenograms showed moderate hypertrophic changes in the lumbar 
spine. 

Cystoscopic Examination—Two hundred cubic centimeters of residual urine were 
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withdrawn. The bladder was carefully examined and no tumor was observed. There 
was a median lobe elevation of the posterior commissural type and only slight lateral 
lobe intrusion. 
met a definite obstruction. 
encountered on the right side; this caused severe pain. 
considerable quantity of bright red blood came from the left ureteral orifice. 

Roentgenologic Examination—A pyelogram of the right kidney showed a normal 


On the left side, the catheter passed up the ureter about 6 cm., where it 
Some resistance to the passage of the catheter was also 
On removing the catheters, a 


~ 





Fic. 8.—Case 5: Left ureterogram showing obstruction of the lower left ureter and 
dilatation at the upper portion of this obstruction. There is some irregularity suggesting tumor 


of the ureter. 
pelvis. The left lower ureter showed an obstruction and little dilatation at the upper 
portion of this obstruction. 
ureter (Fig. 8). 

Diagnosis —Carcinoma of the left ureter. 

Operation—June 29, 1935: A nephro-ureterectomy was performed. At about the 
junction of the lower and middle thirds of the ureter, a spongy mass was encountered. 


This was not adherent to adjacent structures, was soft in consistency, and measured 


There was some irregularity suggesting a tumor of the 


3x1.5 cm., the ureter being dilated above the mass and appearing normal below it. 
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Pathologic Examination—Gross: The specimen consisted of a kidney and ureter 
weighing 180 Gm. The kidney measured 11.5x5.5x4 cm. It was slightly enlarged and 
covered by a thin capsule which stripped easily, leaving a smooth surface, except for 
the presence of two cysts on the posterior surface. Vertical section through the kidney 
showed slight dilatation of the pelves and calices, considerable peripelvic fat, and no 
calculi or papillomatous growths. 

The renal parenchyma was pale and cloudy. There were no abscesses or tumor 
masses in the kidney. The ureter was moderately dilated and the wall was thin. There 
was a tumor mass in the ureter, with its center 12 cm. below the ureteropelvic junction 
The tumor was 3 cm. in length and involved the entire ureteral wall. The surface of 
the tumor was granular and somewhat papillary. 

Microscopic Examination of a section of 
the ureter through the tumor showed a papil- 
lary carcinomatous growth with extensive 
ulceration on the surface, infiltrating all the 
coats, perforating the muscular coat, and ex- 
tending into the adventitia (Fig. 9). The 
tumor was made up of quite small, deeply 
staining cells of uniform type in which mitotic 
figures were fairly numerous. Pathologic Diag- 
nosis.—Primary papillary carcinoma of the left 





ureter. 

Subsequent Course—The patient died 
from pneumonia four days after operation. Fic. 9.—Case 5: Photomicrograph show 
> . ee ae nadia ti ae ing primary papillary carcinoma of the left 
Postmortem examination revealed no evidence ureter. (Original photo X150) 


of metastases. 

Age Incidence——The ages of the patients in this series of cases of pri- 
mary carcinoma of the ureter were 63, 58, 69, 55, and 70 years, respectively. 
The average age was 63 years, this being slightly higher than that reported 
in the literature. In the 60 cases reviewed by Scott,® the ages of the patients 
averaged 55.7 years, the youngest patient being age 33, the oldest, 89. From 
a review of the literature, the disease is noted to occur with about equal 
frequency in the fifth, sixth, and seventh decades of life. 

Sex Distribution —Carcinoma of the ureter occurs with about equal fre- 
quency in both sexes. In this series, three patients were men and two were 
women. The ratio in the 68 cases reviewed by Lazarus® was 32 women 
and 36 men. 

Location of Growth.—The right and left ureters are involved in about 
the same frequency. In this series, the right ureter was the site of the 
malignant lesion in two instances and the left ureter in three. Scott® listed 
the site of the lesion in 61 cases, stating that the right ureter was involved 


in 34 and the left ureter in 27 cases. In Lazarus”? 


collected series, 32 oc- 
curred in the right ureter and 33 in the left. 

The upper third of the ureter is a rather uncommon site for this malignant 
lesion. In our series, the tumor was in the lower one-third of the ureter in 
three cases and 12 cm. below the ureteropelvic junction in two cases. In the 
series reviewed by Scott, the lower one-third of the ureter was involved in 
57 per cent of the cases, and in only 11 of 61 cases was the upper one-third 
of the ureter the primary site of the tumor. 
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Symptoms.—There are no symptoms sufficiently characteristic to suggest 
carcinoma of the ureter, but in a given case where the triad of symptoms is 
present—pain, hematuria, and tumor—its possibility must be considered. All 
the patients whose cases are presented here had had at least two of these 
symptoms. In one case all three symptoms were present, the tumor having 
been felt through the vagina as a hard mass in the region of the lower end 
of the right ureter. However, when such a tumor is palpable, the possibility 
of a calculus in the lower ureter or tuberculous involvement of the ureter must 
be considered. 

Pain.—Pain occurs in from 60 to 65 per cent of the cases. Stewart! 
states that three types of pain may occur: (1) Attacks of acute colic due 
to the passage of clots; (2) more constant pain due to ureteral obstruction, 
producing a dilatation of the renal pelves; (3) severe or lancinating pain in 
the lower lumbar and sacral regions caused by infiltration of the adjacent 
tissue by the malignant tumor itself. In the latter group the lesion is no 
longer confined to the ureter and the prognosis is, therefore, more grave. 

The patients in our series complained of pain in the kidney region, which 
was found to be due to a hydronephrosis caused by partial obstruction of 
the ureter. 

Hematuria is probably the most important symptom of carcinoma of the 
ureter. It was present in all five patients seen at the Cleveland Clinic, and 
it occurred in 72 per cent of the series reviewed by Scott. Although the 
bleeding may be constant, intervals of freedom from gross hematuria may 
occur. The presence of clots of blood may also be noted by the patient. 
The bleeding was more pronounced in our series when the lesion was a 
papillary carcinoma, and less evident in the patient with the squamous cell 
carcinoma of the ureter. 

Tumor.—In about 45 per cent of the cases recorded in the literature, a 
palpable mass was present in the renal area. The most frequent cause of 
the mass was a hydronephrosis of the kidney. In some of the cases, the 
growth in the ureter may be detected by abdominal palpation (Case 2 of 
this series). Similarly the tumor may be palpable upon vaginal examination, 
as occurred in Case 4. 

Coexisting symptoms not directly referable to the malignant growth itself 
may be present. In one patient, symptoms of obstruction of the vesical neck 
due to prostatic hypertrophy were present. Dyspnea, frequency, loss of 
weight, or passage of gravel may be additional symptoms. 

Diagnosis —The final diagnosis is arrived at by careful urologic study. 
Of especial value are the findings of cystoscopic and the roentgenologic exam- 
inations. In some instances, it is impossible to make a definite diagnosis, 
and in 62 per cent of the reviewed series reported by Lazarus,’ the diagnosis 
of ureteral tumor was not even suspected before operation or necropsy. 

Cystoscopic examination may show blood coming from the ureteral orifice 
or, after the passage of a ureteral catheter, profuse bleeding may follow its 
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removal. This provocative type of bleeding was described by Chevassu and 
Mock,”° in 1912. However, it may also occur following vaginal examination 
in cases where the tumor occupies a position low in the ureter. 

Small tumors, implants from the parent tumor in the ureter, may be pres- 
ent about the ureteral orifice, or the small tumor may actually protrude from 
the orifice itself. The possibility of a tumor of the renal pelvis with im- 
plantation of a secondary tumor in the lower ureter must be considered in 
these cases. If retrograde pyelography or an intravenous urogram shows 
absence of a filling defect in the kidney pelvis, the lesion is probably due to 
a primary tumor of the ureter. 

A persistent filling defect in the ureter, as visualized by a pyelo-uretero- 
gram, 1s probably the most pathognomonic of all findings. Dilatation of the 
ureter above the filling defect with a hydronephrosis and absence of a filling 
defect in the kidney pelvis, form a strong inference that the lesion is primary 
in the ureter. This may be simulated by nonopaque stones or extraluminary 
pressure upon the ureter, but the differentiation is usually possible. In 
travenous urography is valuable in instances in which the obstruction pre 
vents the passage of a ureteral catheter to the kidney pelvis, and it is also 
of value in determining if the obstruction is due to a stricture of the ureter. 
A number of the recent reports in the literature include those in which a 
correct diagnosis was established before operation. These diagnoses were 
largely made by correctly interpreting the roentgenograms. Harrah"! has 
recently presented an excellent discussion of these roentgenologic findings, 
while other authors who have established an accurate preoperative diagnosis 
of carcinoma of the ureter and have discussed the subject include Davis and 
Sachs,”! Player,?? and Gruneberg.** Taylor'’ also presented two cases, in 
the first of which a probable diagnosis was made because of the presence of 
a tumor in the ureteral orifice, and in the second case it was made because 
of a filling defect shown on the ureterogram. 

Thus by careful physical examination and the employment of cystoscopic 
examination, retrograde pyelography, and intravenous urography, a diagnosis 
may often be established prior to operation. 

Treatment—The operation of choice is complete nephro-ureterectom) 
and removal of a small cuff of bladder about the ureteral orifice. Some 
times it is necessary to remove a larger portion of the bladder if the tumor 
occupies a position in the lower ureter in close proximity to the bladder. 

At times a radical procedure may not be justifiable, due to the poor gen 
eral condition of the patient, or in some instances the function of the opposite 
kidney may be so impaired that to sacrifice the kidney on the involved side 
would subject the patient to considerable postoperative risk. In such in 
stances, the involved ureter may be removed first, followed later by a 
nephrectomy, if the other kidney functions well, or by a nephrostomy, if 
indicated by poor function of the other kidney. 

When the tumor is in the upper or middle third of the ureter, I believe 
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the latter should be removed in its entirety, as implants may be present in 
the lower ureter. While some authors have recommended less radical pro- 
cedures for tumors in this situation, | believe they are rarely indicated. Each 
patient must be individualized and the procedure instituted which is com- 
patible with the preoperative study of the renal function and the general 
condition of the patient. 

Postoperative roentgenotherapy is administered for, even at the time of 
operation, it may be impossible to ascertain definitely if the involvement of 
the adjacent lymphatics has occurred. 

Results—Carcinoma of the ureter is most discouraging from the stand- 
points of prognosis and prospects of a cure. The postoperative mortality is 
high, approximately 25 per cent in the collected series. Scott® has empha- 
sized this and pointed out the high incidence of shock following nephro- 
ureterectomy. Two of the five patients in our series died from pulmonary 
complications within a few days after operation. One patient had a recur- 
rence of the growth, and a mass was palpable in the left inguinal region seven 
months later. The patient died from metastases one year and four months 
after surgical intervention. 

The fourth patient returned in poor physical condition, several months 
after nephro-ureterectomy (Case 1). Metastases were present. No further 
reports could be secured from follow-up letters after this visit. The patient 
probably died from metastases. The fifth patient died from metastases within 
one year after operation (Case 2). 

A large majority of patients with carcinoma of the ureter die within two 
years after surgical removal of the kidney and ureter. In most cases, the 
lesion is well advanced when the patient seeks surgical relief, and regional 
metastases, or recurrences following operative intervention, develop in most 
instances. 

Scott, in a careful follow-up study of the cases reported in the literature, 
found only two patients alive and well more than five years after operation. 
One patient reported by Kraft,*4 in 1922, was well 11 years following nephro- 
ureterectomy for a papillary growth of the ureter. A patient reported by 
Crance and Knickerbocker*’ was still living eight years after nephro-ureter- 
ectomy for an epithelioma of the lower portion of the right ureter. 

Hunter,”® in his discussion of McCown’s paper, published in 1930, stated 
he had operated upon one patient with carcinoma of the lower ureter, re- 
moving the involved portion, and the patient was well and showed no signs 
of recurrence four years later. 

As stated previously, all the patients operated upon in this series died 
within a period of two and one-half years following operation. 

Pathology—The most frequent type of primary carcinoma occurring in 
the ureter is papillary carcinoma. In this series three tumors were classified 
as papillary carcinomata, one as carcinoma, and one as squamous cell carci- 
noma. About 40 per cent of the cases reported in the literature are grouped 
under the heading of papillary carcinomata. In the collected series reported 
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by Scott, 36 of the 61 cases were reported to have been of this type. The 
nonpapillary group have been classified as squamous cell carcinoma, scirrhous 
and encephaloid carcinoma, medullary carcinoma, carcinoma solidum, and 
various other groupings. 

Metastases are frequently observed, and involvement of the regional lymph 
nodes was noted at the time of operation, or at necropsy following operation, 
in 48 per cent of cases. While it has been stated that metastases may occur 
early, it must also be recalled that the lesion may be present for a considerable 
period of time before a diagnosis is established and operative intervention 
instituted. Metastases may occur by lymphatic extension or by the blood 
stream, the retroperitoneal lymphatics being the most frequent avenue of 
extension. Scott illustrated a case in which a small thrombus mass of tumor 
cells was found in the vena cava. 

Thus, although at operation the tumor seems confined to the ureter, the 
possibility of metastases must be considered and the prognosis guarded. 

CONCLUSIONS 

(1) Five cases of primary carcinoma of the ureter, verified by operation 
and pathologic study, are reported. 

2) Carcinoma of the ureter, although rare, is being observed and re- 
ported with increasing frequency. 

(3) The prognosis in carcinoma of the ureter is grave. 

(4) Diagnosis is accomplished by cystoscopic examination and roentgen- 
ologic study. 

(5) The treatment of choice is nephro-ureterectomy followed by roentgen- 
otherapy. 

(6) Papillary carcinoma is the type of growth most frequently encoun- 
tered in the ureter. 
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THE FATE OF TENDON, FASCIA AND ELASTIC CONNECTIVE 


TISSUE TRANSPLANTED INTO BONE* 
GRAHAM KerRNWEIN, M.D., Joun Faney, M.D., ann 
Monroe Garrison, M.D. 

Cuicaco, In. 

FROM THE DEPARTMENT OF SURGERY, THE UNIVERSITY OF CHICAGO, CHICAGO, ILL 

CONNECTIVE tissue in an altered environment may undergo metapla ‘a. 
It was demonstrated by Neuhof! that if a defect in the urinary bladder of 
the dog is patched with fascia and by Huggins* that if urinary bladder 
epithelium is transplanted to fascia, the urinary epithelium proliferates at 
the cut margins and stimulates bone formation on the part of the fascia. 
Burman and Umansky,’ also, have demonstrated in rabbits that periosteum 
transplanted about tendon forms a scar which undergoes partial ossification. 
This raises the question whether connective tissues transplanted into bone 
may not undergo ossification in this abnormal environment. 

It is also of practical importance to know the method of anchorage of 
tendon and fascia when they are inserted into bone in operative procedures. 
Firm anchorage is known to follow such implantations but Gallie* has also 
reported some failures, both in human cases and in experimental animals. 

Experimental Procedures—Three types of tissue—tendon, fascia lata, or 
white fibrous connective tissue and ligamentum nuchae or elastic connective 
tissue—were transplanted into bone by the following technic. Under aseptic 
conditions, either the tibia in rabbits or the femur in dogs was exposed, and 
using a drill, a canal was made through the bone, the soft tissue transplant 
pulled through and its ends approximated and sutured together with fine 
silk. In a few cases fascia was inserted into the medullary cavity through a 
window in the cortex. The animals were then sacrificed at intervals rang- 
ing from 60 to 391 days in groups of three so that comparative studies could 
be made of the various soft tissues. 


Experiment No. 219.—Vlascial Transplant (dog)—duration 60 days: The section 
is cut so as to include both drill-holes and show the fascial transplant passing trans- 
versely completely across the femur at this level. A narrow trabeculum of newly formed 
bone lies in contact with both surfaces of the fascia, separating it from the medullary 
cavity except in the very center. Here there are interruptions in the bony continuity and 
marrow tissues streaming through in places and invading the fascia. There is thus 
formed a highly cellular strip about the periphery with round cells, immature fibroblasts 
and blood vessels present in large numbers. The central portion of the fascia is markedly 
hyalinized and only occasional long thin nuclei are seen. 

Where the fascia passes through one of the drill-holes, osteoblasts are seen in 


* Read before Chicago Surgical Society, January 7, 1938, Chicago, Ill. Submitted 
for publication January 20, 1938. 

A part of this work done on a grant from the Douglas Smith Foundation for 
Medical Research. 
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vading the fascia and replacing it with bone; while at the other defect of the cortex 
a thin layer of bone covers the ends transversely and there is a thick layer of richly 
cellular fibrous tissue between this and the remnant of old fascia at the central por- 
tion (Fig. 1). 

Experiment No. 279.—TZendon Transplant (rabbit)—duration 54 days: The tendon 
cut in cross-section is seen lying in the medullary cavity bordered on one side by a 
semicircular layer of new bone and on the other side by marrow tissue. In a part of 
the portion bordered by marrow there is a richly cellular layer, mostly fibroblasts 
which are invading and replacing the fascia. The central portion of the tendon is 
mostly hyalinized and relatively acellular. There is no metaplasia present and replace- 
ment of the tendon by bone is minimal. 

Experiment No. 424.—Ligamentum Nuchae (dog)—duration 63 days: There are 
five sections which include both cortical defects and show the ligamentum nuchae trans- 
plant at various levels and extending transversely across the femur. Newly formed 
bone covers the surface of the transplant throughout. The regions of contact between 
ligament and bone in some places have osteoblasts which are invading and replacing 
the ligament with new bone; in other places flame-like streaks of new bone extended 
out into the ligament and are converting it into new bone by a process of metaplasia 
(Fig. 2). Centrally, the ligament is densely hyalinized. At the point where the ligament 
passes through the cortex it has been largely ossified. 

Experiment No. 281.—TZendon Transplant (rabbit )—duration 86 days: The section 
passes obliquely through one drill-hole. This is partly occupied by tendon which is cut 
obliquely. Externally it reaches a short distance beyond the cortex and internally it 
ends just short of the medullary canal. Marrow tissues protrude from the medulla to 
fill the inner portion of the drill-hole. A layer of new bone has formed from the wall 
on either side to fill about one-half the diameter of the drill-hole. The rest is occupied 
by tendon. The peripheral portion of the tendon consists of a relatively acellular eosin 
staining fibrillar tissue. The central portion contains a streak of new bone the lamellae 
of which run longitudinally and contain cells arranged longitudinally in rows (Fig. 3). 
At one end and along the sides this bone island seems to be growing by the formation 
of new bone from osteoblasts. In the center is a marrow space occupied by fibroblasts 
and a few hemapoietic cells. 

This atypical bone has formed as a result of metaplasia of this tendon and has no 
connection with the bone formed from the cortex about the margins of the drill-hole. 
It is analogous to tendon ossification seen regularly in the feet of fowl and sometimes 
in man. 

Experiment No. 523.—TJendon Transplant (dog)—duration 115 days: The tendon 
is hyalinized centrally (Fig. 4). There is a hyperplasia of the osteoblasts along the 
border of contact of cortical bone with tendon as well as considerable ossification of 
the richly cellular connective tissue along this junction. Where the tendon lies in the 
medullary portion, there is no new bone formation except along the border of contact 
of tendon with encompassing bone. Here there is seen a richly cellular tissue but only 
a very slight amount of ossification. 

Experiment No. 275.—TJendon Transplant (rabbit)—duration 102 days: The cen- 
tral portion of the tendon is densely hyalinized. Peripherally there is invasion by a 
richly cellular connective tissue with many round cells and a few giant cells. Focally, 
regions of new bone formation extend out from the wall, and, encroaching upon the 
tendon, encapsulate and replace portions of it. At one perforation in the cortex the 
tendon is largely replaced by new bone and that which remains appears alive peripherally 
and hyalinized centrally. 

Experiment No. 62.—Fascial Transplant (dog)—duration 124 days: The trans- 
plant lies dormant in the medullary cavity and is surrounded by a layer of new bone. 
It is densely hyalinized except for a narrow strip about the periphery. In some places 
osteoblasts may be seen invading and replacing the tendon with new bone. A piece of 
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silk entirely surrounded by new bone attests the complete ossification of the tendon 
which accompanied it (Fig. 5). Near by several tongues of collagen fibers extend into 
the bone, resembling Sharpey’s fibers, and appear to be undergoing metaplasia into bone. 

Experiment No. 109.—Ligamentum Nuchae (dog)—duration 131 days: Four sec- 
tions show the ligament cut in cross-section and lying at a level where cortex and 
medullary cavity meet. The transplant is completely surrounded by new bone and 
for the most part appears to be lying dormant. From one side, however, there is a 
flame-like extension of ossification from the cortex into the ligament in the direction 
of the latter’s fibers, and collagen fibers are seen passing from the nonossified into ossi- 
fied regions where they are undergoing metaplasia into bone (Fig. 6). 

Experiment No. 33.—/ascial Transplant (dog)—duration 133 days: One section 
shows the fascial transplant lying in the medullary canal surrounded by a thin shell 
of new bone. Peripherally, marrow tissues stream through interruptions in the bony 
shell and form a richly cellular and vascular layer; centrally the transplant is densely 
hyalinized. 

The other sections are at a level where the window in the cortex remains open. 
Strands of silk suture entirely surrounded by new bone attest the complete replacement 
of the accompanying fascia by bone. Focally, about the periphery of the transplant 
there are regions of active replacement of fascia by bone. No metaplasia is present in 
the medullary area. In the cortical portion the transplant has been completely replaced 
by bone. It is, therefore, impossible to say whether or not there was any metaplasia 
in this region. 

Experiment No. 151.—Ligamentum Nuchae (dog )—duration 158 days: The trans- 
plant is largely hyalinized with only widely separated nuclei present. In the medullary 
region it lies dormant, surrounded by a shell of new bone, with only focal regions where 
osteoblasts may be seen invading and replacing it. In the cortical area large portions 
of the ligament have been completely replaced by bone, only isolated individual strands 
of silk remaining. In places collagen fibers extend from the nonossified into the ossified 
areas and flame-like projections of bone extend out into the ligament and appear to 
be transforming it into bone. This latter is again an example of metaplasia of liga- 
mentum nuchae into bone. 

Experiment No. 102.—Ligamentum Nuchae (dog )—duration 291 days: The cortical 
defect is practically closed. In the medullary cavity the hyalinized transplant appears to 
be lying dormant and is only partially covered by a thin shell of bone (Fig. 7). No new 
bone formation is seen. 

Experiment No. 461.— Tendon Transplant (dog )—duration 391 days: A transplanta- 
tion of the biceps tendon through the humeral head was performed. The tendon has been 
almost completely replaced by a richly cellular and vascular connective tissue. Through- 
out one sees focal areas of replacement of this tissue by new bone. There is no 
metaplasia. 

Experiment No. 715.—Tendon Transplant into Cancellous Bone (dog )—duration 
seven months: The tendon is completely surrounded by bone. The junction of tendon with 
bone blends gradually one into the other through a richly cellular connective tissue 
which is being ossified by osteoblasts invading from the periphery (Fig. 8). 


Discuss1on.—Connective tissue of three types was transplanted into drill- 
holes in the bones of 67 animals, 13 of which experiments are herewith 
reported. 

The trauma of the drill created conditions locally in the bone which 
closely simulated those present in a fracture except that its supporting func- 
tion was not reduced. There was a hemorrhage with organization of the 
clot by fibroblasts and the formation of osteoblasts which in turn formed a 
bony wall about the transplant. 
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Due to a lack of nourishment the transplants routinely underwent more 
or less retrogressive changes. These were characterized by an increase in 
the relative amount of collagen fibers present and a decrease in the number 
as well as the staining quality of the cells. The cells appear to be in a resting 
or “hibernating” state. Peripherally where the blood supply had been rees- 
tablished there was a densely cellular layer. Most of these cells had invaded 
the transplant along with the blood vessels from the marrow but many were 
undoubtedly revived, so-called “hibernating” cells described above. 

There was a marked difference in the reaction of the medullary tissues, 
as compared with the cortical, toward the transplant. In the medullary region 
the transplant, walled off from the marrow by a thin bony septum, universally 
appeared to be lying dormant (Fig. 7). In the cortical region the reaction 
was characterized by an ossification of the transplant. The ossification of 
all three types of soft tissue transplants was by two entirely different methods. 
The one was an invasion of the transplant by osteoblasts which formed 
bone and then replaced the soft tissue (Figs. 1, 2 and 4); the other appeared 
to be a true metaplasia ( Figs. 2, 5 and 6). 

CONCLUSIONS 

(1) Ligamentum nuchae, tendons and fascia lata of both dogs and rab- 
bits when transplanted into bone suffered nutritional disturbances but re- 
mained viable and tended slowly to become ossified. 

(2) The ossification of the transplant was most marked in the cortical 
area, being only minimal in the medullary portion. 

(3) Ossification of the soft tissue transplants occurred in two ways: 
(1) Replacement by invading osteoblasts which formed bone; and (2) by 
metaplasia. 

(4) The firm anchorage obtained by passing the tendon through drill- 
holes in bones is due to their gradual ossification and incorporation in the 
bone. 

(5) Lack of function had no demonstrable effect on the above changes. 
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AN EVALUATION OF EXCISION IN THE TREATMENT OF 
UNUNITED FRACTURE OF THE CARPAL SCAPHOID 
(NAVICULAR) BONE 


Artuur J. Davipson, M.D., anp M. Tuomas Horwitz, M.D. 
PHILADELPHIA, Pa. 

THE progress in the successful treatment of fracture of the carpal scaphoid 
(navicular) bone during the past decade has been unique. Where nonunion 
was formerly invariably anticipated, union is now obtained by proper con- 
servative measures in a high percentage of cases, largely due to the teachings of 
Berlin,! Soto-Hall and Haldeman,? Bohler,*® Watson-Jones* and others. How- 
ever, despite the success of these altered concepts, a small but definite percent- 
age of intra-articular fractures of the carpal scaphoid, through or proximal to 
the waist, fail to unite. In addition, because many “sprained wrists” are inade- 
quately investigated, and because roentgenographic findings in recent cases are 
often indefinite or absent, many fractured scaphoids remain undiagnosed until 
irreparable damage has occurred. 

The factors that lead to nonunion are probably a combination of incomplete 
reduction, inadequate fixation and disturbed blood supply. Yet, far too often, 
nonunion is seen to occur despite accurate and prolonged immobilization, while, 
on occasion, union will take place in the presence of considerable aseptic 
necrosis of the bony fragments. The studies of Johnson® and Speed® contradict 
the suspected lytic effect of synovial fluid as a cause of nonunion in these intra- 
articular fractures, while open reductions have repeatedly failed to substantiate 
the contention that the dorsal capsule becomes interposed between the frag- 
ments. 

These patients evidence painful disability of the affected wrist, tenderness 
in the region of the scaphoid, restriction of motion, especially of dorsiflexion 
and radial deviation, weakness of the grip and atrophy of the forearm mus- 
culature. 

Roentgenologic studies reveal varying degrees of sclerosis and porosis, frag- 
mentation and vacuolization of the fracture fragments. The site of pseudarthro- 
sis is accentuated by sclerosis of the adjacent bony margins and surrounding 
osteitis, changes formerly ascribed by Preiser? to a distinct disease entity com- 
plicated by fracture, but now considered as bony changes subsequent to trauma 
and fracture. New bone (exostosis) formation, especially at the lower articular 
radial surface, appears in one to two years. 

Such definite roentgenographic findings, in the presence of positive clinical 
signs and a traumatic history, serve to exclude bipartite scaphoid, an infre- 
quent developmental anomaly reported by several authors,*® and seen by us once 
in 200 anatomic specimens. 

Submitted for publication November 29, 1937. 
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Cases with delayed or early nonunion have been successfully treated by 
Bohler with prolonged fixation for six to eight months with nonpadded plaster 
bandages extending from the base of the fingers to the upper forearm, in- 
cluding the thumb, and with the wrist hyperextended and in ulnar deviation. 

Reports of satisfactory union in neglected, ununited cases have followed 
the use of subcutaneous, multiple drillings across the fracture site under fluoro- 
scopic control, as advocated by Schnek® of Bohler’s Clinic, employing Beck's 
method of drilling, and by Soto-Hall and Haldeman,? who recommend this 
drilling procedure after exposure and curettage of the fracture site. 

The use of an autogenous bone graft or peg, as utilized independently by 
Adams and Leonard’ and Smith,'! has been popularized by Murray,’ 
Burnett!® and others. Murray claims to have obtained osseous union in 16 
cases of delayed or ununited carpal scaphoid fracture, while Burnett, reporting 
satisfactory results, admits obvious fibrous union (roentgenographically) in 
most of his cases. 

The increasing literature on these newer forms of therapy has served to 
place the operative procedure of total excision in disrepute. Excision, not- 
withstanding, has a very definite place, for it is still the operation of choice in: 
(1) Fractures that are irreducible even following open reduction; (2) badly 
comminuted fractures of the scaphoid, especially those associated with other 
injuries of the wrist, as a dislocated semilunar bone; and (3) neglected cases 
of nonunion with marked and irreparable degeneration of the bony fragments. 

In addition, we have the temerity, although quite cognizant of the value 
of the drilling and bone-graft procedures, to recommend total excision in cases 
that show obvious nonunion and persistent disability, following a fair, but not 
too prolonged conservative regimen, where the economic status of the patient, 
his livelihood, and the medico-legal aspects of his case, require early return to 
work. Early excision will result in a normally functioning and painless wrist, 
with little or no deformity : and the element of possible failure that accompanies 
prolonged conservative treatment and either the drilling or bone-graft opera- 
tions, is obviated. 

If total excision is delayed (and it has usually been resorted to only as a 
late or ultimate measure), the efficiency of the procedure diminishes pro- 
portionately, due to the development of secondary arthritic’and periarthritic 
changes, yet even in these late cases one may anticipate relief of pain and 
functional improvement. 

The attitude of some insurance companies and compensation groups, that 
excision of the carpal scaphoid is a very disabling procedure in itself, is un- 
warranted. The tendency to terminate these ununited cases with “lump-sum 
settlements” is especially injurious to the patient himself, who, left on his 
own, often fails to seek proper medical care and becomes a liability to his 
community. 

We recommend total and not partial excision. The latter procedure, 
advocated by some authors in the belief that undue deformity might thereby be 
prevented, often results in continued disability. The scaphoid bone is removed 
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AN ANALYSIS OF EIGHT CASES OF EXCISION OF THE CARPAL SCAPHOID FOR UNUNITED FRACTURE 


Duration 
Since 
Wrist Injury 





Left 20 mos. 
Left 3 yrs. 
Left 6 mos. 
Rigt 4 mos 
Right 6 mos 





Right 2 yrs 





Symptoms and Physical Findings 
Pain and localized tenderness in 
region of scaphoid. Restriction 
of motion, especially of radial 
and dorsiflexion 


Pain, tenderness and localized 
swelling in ‘‘anatomic  snuff- 
box."’ Restriction of all move- 
ments of affected wrist, espe- 
cially of dorsiflexion and radial 
deviation 


Same 














ate derness 
Painful 
with restricted 
paired function 
wrist. Atrophy of disuse of fore- 
1 and hand musculatt 





scaphx 





arr 
















Roentgenologic Findings 
Ununited transverse fracture 
of scaphoid with dislocation « 
proximal fragment. Slight lip- 
ping of radial styloid process. 


Ununited transve fracture 
of scaphoid. Sclerosis and cystic 
degeneration of both fragments 





Ununited transverse fracture 
of scaphoid with sclerosis of 
margins of pseudarthrosis 








Transverse fracture of scaphoid 
with nonunion. Distal frag- 
ment sclerotic and proximal 
fragment viable. Early oste 
arthritic changes 





Ununited transverse fracture 
with moderate osteo- 





changes and cystic degene 
tion of both fragments 





Ununited transverse fracture 
with advanced osteo-arthritic 
changes of the radial articular 
surtace and adjacent carpal 






bones 











ing and bone graft 





tal excision, in Au- 


rthritic 


distal fragment), 


Result 
Excellent. No pain or tenderness. Return 
of normal range of motion, without ap- 
parent deformity. (This patient had been 
awarded total disability prior to operation. 


Zxcellent. No pain or tenderness. Return 
of normal function and of normal range 
of motion. No apparent deformity. Suc- 
cessful professional boxer for past three 
years 


Excellent. Many postoperative complain 

disappeared following satisfactory finan- 
cial settlement. Return of normal range 
of painless motion without apparent de- 
formity 





Excellent. No pain or tenderness. Resto- 
ration of normal function and motion, ex- 
cept for very slight restriction of dor 
flexion. No apparent deformity 





Same 


Good. No pain, tenderness or deformity. 
At present some restriction of dorsiflexion 
and radial deviation (one-half normal 
range), but with restoration of normal 
function. Result is steadily improving 





Good. No pain or tenderness and range 
of motion normal in all directions, except 
dorsiflexion and radial flexion (one-half 
normal). Function very good. There is 
no evidence of deformity 


Po 


impai 





Continued painful disability and 
d function. o follow-up since 
1932. Arthrodesis probably indicated 
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through a small incision, two inches in length, on the dorsum of the wrist, 
made directly lateral and parallel to the tendon of the extensor pollicis longus, 
and carried deeply to the bone, with the longus tendon retracted medialward. 
The capsule is split, and the carpal fragments removed completely by sharp 
dissection, care being taken not to traumatize the adjacent cartilaginous 
surfaces. A circular plaster bandage or volar splint is applied with the hand 
in ulnar deviation and slight dorsiflexion for seven to ten days until acute 
manifestations have subsided and thereafter, motion is encouraged. 

Analysis of Cases —To substantiate these contentions, a follow-up study of 
eight cases of excision, seven total and one partial, is herewith presented. Two 
additional cases of total excision are excluded because of insufficient data. 
Three of the cases are presented by courtesy of Dr. George P. Muller, from 
his service records at Jefferson Hospital, and one from the private records of 
Dr. Lynn Rankin. The cases in this series have either been recently examined 
or contacted through a questionnaire. 

Our experience with the drilling-bone graft procedure has been limited to 
two cases: One, an instance of nonunion of two years’ duration failed to unite 
without improvement, while the other, of eight months’ duration, secured bony 
union but continued to complain of some pain and disability. 

The eight cases of ununited carpal scaphoid were all males, their ages 
varying from 21 to 49. All had sustained severe injuries to the wrist, five on 
the left side and three on the right ; and none had had the benefits of an efficient 
conservative regimen. The duration from the time of injury varied from four 
months in one, to six months in two, 20 months in one, two years in two, 
three years and seven years in one each. 

All complained of pain, limitation of wrist motion, and disability, and all 
evidenced some restriction of motion, especially dorsiflexion and radial devia- 
tion, swelling, tenderness in the anatomic snuff-box, and atrophy of the fore- 
arm muscles. 

The roentgenograms showed definite pseudarthrosis in each case, with 
varying degrees of sclerosis, vacuolization and fragmentation; the degree of 
degenerative and proliferative changes increasing with the duration of the 
nonunion. 

Total excision was performed in all but the oldest casé of seven years’ 
duration; six months ago in one, and from five to 15 years ago in the 
remainder. 

The results in five cases are considered very good or excellent with regard 
to anatomic, functional and economic restoration. These patients have no pain 
or tenderness and have returned to their former or similar occupations with 
normally functioning wrists. One patient has continued his professional box- 
ing. They show little or no limitation in wrist motion, nor is there any clinical 
evidence of anatomic deformity, although postoperative roentgenologic studies 
in two cases show slight radial deviation of the wrist, as the multangular bones 
tend to partially occupy the space left by the extirpated scaphoid. 

It is of interest that one of these successful results, a nonunion of 20 months’ 
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duration, had been compensated for “‘total disability” prior to operation as a 
Clinic patient, and that another, who had complained of continued disability 
following excision, had experienced a complete recovery immediately following 
a substantial settlement. 

The results in two cases, each with nonunion of two years’ duration, are 
considered as good. These patients have no pain or tenderness and, despite 
moderate restriction of motion, have useful wrists. Both cases showed con- 
siderable disability prior to operation with roentgenographic evidence of com- 
plicating osteo-arthritis, and both are satisfied with their results. 

One case, an instance of nonunion of seven years’ duration, with painful 
disability and with roentgenologic evidence of advanced osteo-arthritis com- 
plicating the pseudarthrosis, had had a partial excision with only moderate 
relief of pain and with persisting impairment of function. This result is 


classed as a poor one. 
CONCLUSIONS 


The operation of total excision must be considered in the rational therapy 
of ununited fracture of the carpal scaphoid (navicular) bone. When utilized 
early, before secondary arthritic and periarthritic changes take place, a very 
satisfactory result with regard to anatomic, functional and economic recovery 
may be anticipated. 
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THE OSSEOUS SYSTEM IN HODGKIN’S DISEASE 
Hyman S. ABrams, M.D. 


TuscaLoosa, ALA. 


FROM THE RADIATION THERAPY DEPARTMENT OF THE BROOKLYN CANCER INSTITUTE, BROOKLYN, N. Y 
DR. IRA I. KAPLAN, DIRECTOR, AND DR. WILLIAM E. HOWES, CLINICAL DIRECTOR 


INVOLVEMENT of bone in Hodgkin’s disease is no longer to be regarded 
as being so rare that it should be considered of comparatively little impor- 
tance. There is still a great tendency to refer all symptoms to lymphatic 
involvement and only as a last resort to investigate the osseous system. 

The writer has been unable to find any comprehensive statistics regarding 
incidence. This is due to the relatively infrequent osseous studies which 
have been made, and also to the terminology currently used. Particularly 
confusing is the inclusion of the leukemias, lymphosarcoma and Hodgkin's 
disease under the classification of lymphoblastoma, since the roentgenologic 
appearance of all may be very similar. Review of the literature reveals wide 
variation. About 10 per cent incidence is reported by some, while others 
believe it to occur, at some time in the course of the disease, in 100 per cent. 
Symmers!* found osseous changes in seven of his 15 cases, or 46.6 per cent, 
while Craver and Copeland® reported 15.7 per cent involvement in 172 pa- 
tients with Hodgkin’s disease. Ten consecutive, unselected patients, referred 
to the Radiation Therapy Department of the Brooklyn Cancer Institute, with 
a diagnosis of Hodgkin’s disease, constitute the cases to be reported. It will 
be noted in Tables I and II that eight proved to have Hodgkin’s disease, 
and that the final diagnosis in one was lympho-epithelioma and in the other 
lymphosarcoma. Of these eight patients, four had typical bone lesions, two 
showed changes characteristic of Hodgkin’s disease, and the other two showed 
no bone changes. The incidence in this group is, therefore, 50 to 75 per 
cent; 25 per cent being reserved for possible final verification. It is believed 
that bone involvement would be found much more common if routine and 
repeated roentgenologic examinations of the osseous system were made. 

Whether invasion of the osseous system is primary or Secondary is still 
a matter of discussion (Hultén,!! Lockwood, Johnson and Narr,!* Ginzburg,® 
Spencer and Dresser,’® Aschoff!). It is the opinion of some that primary 
bone involvement never occurs. However, in a disease of such variable 
manifestations and histologic characteristics, it is believed that the probability 
of such occurrence should be borne in mind, at least until proved otherwise. 
Blount* reported a case in which bone changes preceded demonstrable lymph 
node involvement by two years, and Montgomery" cites an instance in which 
lymph node involvement was not demonstrated until two and one-half years 
after the onset of the disease. Herscher’? reported bone marrow and liver 
involvement without apparent invasion of lymph nodes, and Krumbhaar!” 


Submitted for publication December 13, 1937. 
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BONES IN HODGKIN’S DISEASE 


described a case of bone marrow and spleen involvement and no lymph node 


pathology after careful search at autopsy. 


Bone invasion may, of course, also 


occur by erosion from neighboring diseased lymph nodes, as shown in Table 


IT, ¢ 


vases I and 4. 


Age* Sex 


20 M. 9 
29 F 4) 
29 =F 7 
ss OF 3 
16 F I 
32 M. I 
13. M. 2 
at FF. I 
37 *~=~*F 2 
40 M. 9 


* At onset of present 


nn 


Symptoms and Time 


of Appearance * 


Pain, left cervical re- 
gion; 8 yrs. 6 mos. 


Pain, dorsolumbar 
region; 3 yrs. § 
5 mos. 

Dorsolumbar pain; 6 
yrs. 4 mos. 

Pain, rt. arm; 14 mos. 


Pain, lower end rt. 
femur; I5 mos. 
Pain, lumbosacral 

and pelvis; 8 mos. 
Pain, lumbar, left 
shoulder; 2 yrs. 


* After onset of present ill: 


Duration 
of Present 


Illness 


1eSs. 


OSSEOUS 


TABLE 


Biopsy or Necropsy 


Hodgkin's 
Disease 


TABLE II 


Fir Vir 
Oste Er 
yvtic Ss 
oO oO 
o oO 
Oo Oo 
0 Oo 


i) 
Je) 
NJ 


Eosinophilia 


Marked 
Moderate 
Marked 
Marked 
Marked 
Marked 
Marked 
Moderate 
Moderate 
Slight 


INVOLVEMENT 


Location 


2nd, 3rd, 4th and 
5th cervical ver- 
tebrae 

11th dorsal, 2nd 


lumbar 


10th dorsal, 3rd 
lumbar 

Rt. 1st, 2nd rib 
and rt. clavicle 

Lower end rt. 
femur 

Lt. 1st and 2nd 
rib 


Final Diagnosis 


Hodgkin's disease 
Hodgkin's disease 
Hodgkin's disease 
Hodgkin's disease 
Hodgkin’s disease 
Hodgkin’s disease 
Hodgkin's disease 
Hodgkin’s disease 
Lympho-epithelioma 
Lymphosarcoma (lym- 
phoblastoma type) 


Result Therapy 
Clinica Roentgen 
graphi 

Poor None 


Excellent Hyperplasia 


Very good Lytic and hy 
perplastic 


Pe or Progressive 


Not treated 
hyperplasia 
No change Not treated, 


no change 


Very good 
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HYMAN S. ABRAMS 


Roentgenographic evidence of Hodgkin's disease of bone is usually demon- 
strated late. The involvement, however, may occur early as may be noted 
in Table Il. The development and progression of the process is variable. 
Only by considering osseous studies as routine, as those made of the chest, 
can accurate statistics regarding probable time and mode of involvement be 
determined. 

The lesions are usually multiple and may apparently occur in any part 
of the osseous system. The distribution in order of frequency, as reported 
by Spencer and Dresser," is spine, pelvis, sternum, ribs, skull and extremities. 
The spine, ribs, clavicle and possibly the femur and tibia were involved in 
the present series. 

The frequently early, predominant reticulo-endothelial cell hyperplasia or 
the late lesion demonstrating fibrosis, and very little if anything more, are 
likely to be very confusing. The characteristic picture is one of hyperplasia 
of the lymphoid and endothelial cells together with Hodgkin's giant cells and 
eosinophiles. Later these cells are replaced by fibrous tissue, and at times 
caseation necrosis with a varying degree of hyperplasia of the marrow 
(Aschoff,' Barron,? Ewing®). However, the sections may and have been 
confused with Ewing’s tumor, forms of myeloma, hypernephroma, malignant 
tumors and chronic osteitis. The variation of the histologic picture in various 
stages of the disease accounts for much of this confusion. Montgomery™ 
suggests that a marked eosinophilia in the tissue sections points to irritation 
and involvement of bone. Table I shows instances of marked eosinophilia 
in six of the cases of Hodgkin's disease and of moderate occurrence in two. 
One case with bone involvement showed moderate and the remainder marked 
eosinophilia. According to these findings osseous involvement was demon- 
strable roentgenographically in the presence of a moderate to marked eosin- 
ophilia. It is, however, believed that at the present stage of our knowledge 
lack of a marked eosinophilia should not be interpreted as absence of bone 
involvement. 

The roentgenographic appearance of the lesions may be osteoplastic, os- 
teolytic or a combination of the two. Figures 1(B) and 2(A) demonstrate 
these processes. According to Geschickter and Copeland,’ there may also 
be a marked periosteal proliferation. Unfortunately most of the cases de- 
scribed in the literature consist of the late or terminal stages. Figure 4(A), 
Case 5, shows a small mixed lesion in the lower end of the right femur. This 
may be a simple cyst, but since Hodgkin's disease of bone may resemble cysts, 
and since it demonstrates plastic and lytic changes, it must at least be con- 
sidered as a possible early lesion. It is also of interest to note in Figure 4(B), 
taken a litthe more than one year after Figure 4(A), that the process has 
decreased in size and that the sclerosis at the margins has increased. This 
may be a retrogressing lesion. Further study will be necessary to definitely 
determine this. It appears somewhat similar to the process in the tibia in 
Figure 3(A), Case 2. This patient also has typical involvement of the spine 
as shown in Figure 2(A). Figure 5(A), Case 6, shows an area of erosion 
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12-21-34 





Fic. 1.—Case 1: (A) Showing erosion of the second, third, fourth and fifth cervical vertebrae 
and the large retropharyngeal mass (December 934) (B) Case 3 Demonstrates the osteolytic a1 


osteoplastic process involving the third mbat rtebr 


2-27-37 


B 


leventh dorsal 





Fic. 2.—Case 2: (A) Shows the predominating hyperplastic process in the « 
vertebra. (B) Case 1: Demonstrates the radon seeds and marked reduction in the size of the 
retropharyngeal mass. No demonstrable change is noted in the extent of erosion of the cervical 
vertebrae, but sclerosis is now present (February, 1937). 
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in the first rib and bone condensation in the second. The latter may be an 
associated melorheostosis, but must be followed to definitely determine its 
significance. The latest roentgenologic findings in Case 4 (Fig. 5[B]) no 
doubt represent Hodgkin’s involvement combined with superimposed pyogenic 
infection. However, erosion of the clavicle and second rib in this case was 
noted initially, 13 months after the onset of the present illness, and, therefore, 
before any evidence of abscess, as will be shown later. Figures 1(A) and 
2(B), Case 1, demonstrate the deep excavation in the cervical vertebrae due 
to erosion by neighboring diseased tissue. The marked destruction of the 
posterior surfaces of some of these bodies is well demonstrated only in the 
radiographed section (Fig. 3[B]). There was no roentgenologic evidence 
of paraspinal soft tissue distortion in these cases. 

Hodgkin’s disease of bone may be confused with the changes due to 
carcinoma, multiple myeloma, chronic osteomyelitis, Ewing’s tumor, hyper- 
nephroma, tuberculosis, leukemia, lymphosarcoma and cysts. Fortunately, 
in the more common, typical cases no confusion arises. At times the diagnosis 
can be made only after biopsy, which, as previously indicated, may itself be 
very confusing. A marked response to roentgenotherapy, such as occurred 
in Cases 2 and 3, Table II, may give a clue to the diagnosis. However, 
lymphosarcoma and leukemia may respond in the same manner. In those 
cases of bone lesions presenting an atypical roentgenographic picture and 
unusual clinical manifestations, the possibility of Hodgkin’s disease should 
always be considered. In no roentgenologic study are a detailed history, re- 
peated blood studies and biopsy, where possible, more essential. 

Pain may be the first indication of possible bone involvement. However, 
pain referable to the region of certain bones and joints may be present and 
no disease found in these bones as illustrated in Cases 6 and 7, Table II. 
Conversely, bone lesions are undoubtedly often present before symptoms ap- 
pear. In Cases 2 and 3, Table II, initial roentgenographic evidence of bone 
disease was demonstrated just two months and three months, respectively, 
after onset of symptoms. In Case 1 the symptoms directly referable to bone 
and nerve destruction occurred 22 months after the bone lesions were 
initially demonstrated. Also in Case 4, the bone lesions were observed be- 
fore the onset of symptoms. The symptomatology is essentially dependent 


upon the anatomic location of the lesion and the degree of functional impair- 


ment. Consequently, the symptoms may vary from none to excruciating pain, 
marked impairment of function, pathologic fractures, deformities and a variety 


of neurologic conditions, such as anesthesia, hemiplegia, paraplegia, trans- 


verse myelitis, etc. 

Roentgenotherapy offers palliation, remission and retards progress of the 
disease in many cases. Osteolytic areas may be replaced by bone, but an 
osteoplastic appearance, contrary to reports in the literature, is not neces- 
sarily an indication of previous radiation therapy. This is demonstrated in 
Cases 2 and 3, in which dense areas in the vertebral bodies were seen on 
first examination and prior to treatment of the spine. 
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Fic. 3.—Case 2: (A) Showing the small osteolytic process (a) in the tibia. (B) Case 1 
Roentgenogram of section demonstrating particularly the extent of erosion of the posterior aspects 
of the vertebrae, which could not even be demonstrated well in a roentgenogram of the unsectioned 
specimen. 


A A-7-34 5-28-37 


B 





Fic, 4.—Case 5: (A) Showing osteolytic process (a) in the femur (April, : Demonstrates 
decrease in size of the lesion and sclerosis of the margins (a) r; : 
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Whether there is any effect of roentgenotherapy to distant areas of lymph 
node involvement on the bone lesions is not definitely known. Case 2, how- 
ever, demonstrated that in spite of extensive therapy through four pelvic ports 
for diseased inguinal nodes and induration along the entire left pelvic wall, 
the patient continued to have excruciating pain, which was only relieved 
shortly after therapy to the spine had been instituted. It was observed in 
other cases that radiation was only effective when directed to the affected 
part. The technic usually employed in these cases was 200 K.V., 20 Ma., 
50 cm. F.S.D., 0.5 Mm. Cu. and 1 Mm. Al. filtration, 200 r. (measured in 
air) to each port every other day. Two paravertebral fields (5x15 cm.) 
were ordinarily used in the spine cases. In those cases favorably influenced 
by. radiation, marked improvement was noted after about 1,000 r. to each 
port. Case 2 obtained marked relief after 400 r. to each port. The average 
total dose was 2,000 r. to each port. It is believed that radiation should be 
administered to relieve symptoms and prevent deformities. The bone lesions, 
with or without the presence of symptoms, should be periodically checked so 
that, where possible, complications may be avoided before the process becomes 
too far advanced. Osseous involvement, if diagnosed early and treated, may 
not only add to the active life span of the individual, but will often spare 
him the agonies which may accompany the complications. 

Space does not permit a detailed history of each case, but since Cases 1 


and 4 present particularly interesting features they will be presented briefly. 


Case 1.—The present illness began in 1928, at which time there were palpable 
cervical, axillary and inguinal nodes. The patient did well under high voltage therapy 
and permanent interstitial radiation (sixteen I me., 0.3 Mm. gold seeds, total 2,128 
me. hrs.). In October, 1936, he complained of continuous pain in left side of neck. 
In March, 1937, numbness and tingling developed in hands and weakness in both upper 
extremities together with involuntary twitchings in the upper and lower extremities 
and a cord bladder. Examination revealed evidence of pyramidal tract involvement. 
There was no response to roentgenotherapy and the patient expired in April, 1937. At 
necropsy, dense necrotic tissue containing lymphocytes and plasma cells was present 
between the anterior surface of the vertebral bodies and the posterior wall of the 
pharynx. In some areas the marrow was replaced by dense, poorly cellular fibrous 
tissue, while in others it contained myeloid and plasma cells and in. the fifth and sixth 
cervical vertebrae there were, in addition, large numbers of erythrocytes. The spinal 
canal showed shallow erosion of the bony posterior surface at the level of the second, 
third and fourth vertebral bodies. The meninges in the region of the upper three in- 
volved vertebrae were replaced by dense fibrous tissue which included peripheral nerve 
bundles in various stages of atrophy. Lymph nodes were notably scarce. A firm 
markedly fibrotic supraclavicular node was present, and also a somewhat larger mass 
in the right upper anterior mediastinum, which showed much fibrous tissue, few lympho- 
cytes and plasma cells, hemorrhage and calcific deposits. The lungs showed purulent 
bronchopneumonia. 

Case 4.—Present illness began, in August, 1933, with bilateral swellings of the 
neck. Fourteen months later, the patient complained of pain in the right arm. The 
lesions in the second rib on the right side and in the right clavicle were demonstrated 
one month prior to this complaint. A right Horner’s syndrome developed. In June, 
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1936, a bleeding sinus appeared in the right supraclavicular area and the swelling in 
this region broke down. The base of the wound became covered with a_ necrotic 
exudate. This patient never responded well to roentgenotherapy. 


A 








Fic. 5.—Case 6: (A) Demonstrates indentations in the first rib and the area of bone condensatior 
in the second. (B) Case 4: Showing erosion of the outer third of clavicle and axillary aspect of the 
first and second ribs together with thickening of the pleura. The lesion in the clavicle and second 

d ‘ P = cai 
rib was present in 1934 and progressed slowly There was no abscess at this time 
SUMMARY 


A thorough review of the literature, case reports and general observations 
have been presented relative to involvement of the osseous system in Hodg 
kin’s disease. The following were considered: Incidence: mode, time and 
type of bone involvement ; distribution ; histology ; symptoms and time of their 
appearance ; diagnosis and treatment. 

Early diagnosis and treatment of Hodgkin's disease of the osseous system 
cannot be overemphasized. 

In cases of bone lesions presenting an atypical roentgenographic appear 
ance and unusual clinical manifestations, the possibility of Hodgkin's disease 


should always be considered. 
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SUBLINGUAL EPIDERMOID CYSTS 


BENJAMIN Rice SHore, M.D. 
New York, N. Y. 


FROM THE SURGICAL SERVICES OF ST, LUKE'S HOSPITAL, NEW YORK, N. Y. 

THE following four cases of true epidermoid cysts arising in the floor of 
the mouth have been observed in 54,000 surgical specimens examined in the 
Pathologic Laboratory of St. Luke’s Hospital, New York, during the past 
40 years. Each of the four cysts was lined with stratified squamous epithelium 


and two contained hairs or hair follicles. 


Case 1.—I. S., female, age 16, was admitted to St. Luke’s Hospital December 9, 
1900, Service of Dr. Robert Abbe. A small lump was noticed on the floor of the mouth 
beneath the tongue when the patient was age eight. At first it increased only slightly in 
size, but during the past few years its growth had been more rapid. At one time the tumor 
had opened and discharged a small quantity of thick, yellowish fluid tinged with blood 

Examination showed a soft, fluctuating tumor mass which could be seen and felt 
beneath the chin and which projected into the floor of the mouth beneath the tongue 
It occupied a midline position. At operation the tumor was aspirated and removed 
through a transverse incision in the floor of the mouth. The mass was soft, cystic, bean- 
shaped, and measured 5 by 4 by 2.5 cm. The contents of the sac were yellow, greasy and 
contained a few hairs. Histologic study showed the cyst to be lined with stratified, 
squamous epithelium, with underlying sebaceous glands and hair follicles. 

The patient was discharged, apparently cured, on the fourth postoperative day. No 
follow-up record is available. 

Case 2.—D. S., male, age 2% years, was admitted to St. Luke’s Hospital December 
18, 1929, Service of Dr. Frank S. Mathews. A mass in the floor of the mouth was first 
noticed shortly after birth. It had gradually increased in size but had not produced any 
symptoms. There were no other congenital abnormalities. 

Examination showed a cystic mass about I cm. in diameter situated in the floor of the 
mouth just lateral to the midline. It was nontender, did not fluctuate and was not fixed. 
A clinical diagnosis of a dermoid cyst of the floor of the mouth was made. At operation 
the cyst was opened, emptied of its contents and the wall excised. The specimen measured 
1 by 0.75 by 0.2 cm. Histologic study showed a very thin-walled cyst with a lining which 
was intact in some areas and composed of squamous epithelium. Other areas of the lining 
were considerably altered by inflammatory changes and underlying fibrosis. There was 
lymphoid infiltration throughout but no evidence of malignancy. 

The patient was discharged on the second postoperative day. No follow-up record 
is available. 

Case 3.—L. P., male, age 2% years, was admitted to St. Luke’s Hospital June 9, 
1933, Service of Dr. Henry H. M. Lyle. A painless tumor was first noticed under the 
tongue and beneath the chin when the patient was about 18 months old. The mass had 
steadily increased in size but had not reached proportions where it interfered with talking 
or eating. 

Examination showed a small reddish protuberance at the opening of the left sublingual 
duct. Beneath the mandible in the neck, to the left of the midline, there was a soft, 
smooth, freely movable, nontender, fluctuant mass about 5 cm. in diameter. At operation 

a transverse incision was made through the mucous membrane of the floor of the mouth, 
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Photograph of patient showing cyst in floor of 
mouth beneath tongue. 
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3. 2.—Case 4: Photograph of excised specimen. Fic. 3.—Case 4: Photomicrograph of cyst wall 


showing the inner lining of stratified squamous 
epithelium supported on a definite connective tissue 
base. 
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pressure was applied to the cyst beneath the chin, and the mass was removed. The speci- 
men was cystic and measured 4 by 3 by 3 cm. It was filled with yellowish-white, creamy 
material. Histologic study showed the lining to be composed of squamous epithelium 
which was somewhat inflamed. There was a slight papillary down-growth into the 
corium and loose connective tissue. Hair follicles and hypertrophic sweat glands, and one 
rather large duct lined with squamous epithelium containing desquamated cells, were 
also seen. The epithelial cells showed varying stages of atrophy and hyperplasia with 
some hyperkeratinization. 

The patient was discharged, apparently cured, on the fourth postoperative day. No 
follow-up record is available. 

Case 4.—E. A., female, age 37, was admitted to St. Luke’s Hospital October 14, 
1936. The patient had first noticed-a mass beneath her chin about 20 years previously 
It had gradually increased in size and had risen in the floor of the mouth, displacing the 
tongue upward. It was aspirated twice. eight years and six weeks ago, respectively, 
before admission to the hospital, with only temporary relief. 





Fic. 4.—Case 4: Photograph of patient after opera Fic. 5.—Case 4: Photograph of patient after opera 
tion showing normal extension of tongue. tion showing tongue in normal position. 


Examination showed a large, soft, non-tender cystic mass lying in the midline of the 
floor of the mouth and displacing the tongue upward (Fig. 1). It could also be seen and 
felt as a soft midline tumor beneath the chin in the submental region. A diagnosis of 
sublingual dermoid cyst was made. Under colonic ether anesthesia. a transverse incision 
was made over the cyst in the floor of the mouth. The mass was dissected from the 
surrounding structures and removed intact. The resulting dead space was partially 
obliterated by sutures and the remaining cavity was packed with iodoform gauze. The 
excised cyst measured 8 by 5 by 3 cm. (Fig. 2). The surface was smooth and the wall 
was thin. The cyst contained thick, white, cheesy material, but no hairs. Histologic 
study showed the lining to be composed of squamous epithelial cells supported on a layer of 
fibrous tissue. The epithelium had all the characteristics of cutaneous epithelium with a 
keratinized layer on the surface (Fig. 3). There were no hair follicles or sweat giands. 

The patient was discharged on the third postoperative day. She has been seen at 
regular intervals since, is completely symptom-free, and has normal function of the tongue 
(Figs. 4 and 5). 


Discussion.—Sublingual dermoid, or epidermoid cysts, are derived from 
fetal remnants in the mesobranchial field’ and should be clearly differentiated 
from the more common ranulae. The latter are the result of cystic degenera- 
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tion in the sublingual gland, are usually unilateral and are lined by flattened 
cuboidal epithelium. They are thin-walled, contain a fluid resembling saliva, 
and are difficult to remove surgically without rupture. Sublingual epidermoid 
cysts, on the other hand, arise in a midline position, are lined with stratified 
squamous epithelium, and possess a definite connective tissue supporting 
framework, giving them a thicker and tougher wall and making surgical 
removal without rupture easy. Although these cysts arise in a midline posi- 
tion, increase in size may cause them to be displaced to one side so that they 
appear to have a unilateral origin. Other epithelial, cutaneous structures, 
such as hair follicles and sebaceous glands, may be present, as in two of 
the cysts herewith reported, but other congenitally misplaced remnants, such 
as nervous or osseous tissue, have not been observed. 

Treatment.—Surgical excision is the treatment of choice for these cysts. 
Adequate exposure through a transverse incision in the mucous membrane 
overlying the cyst, gentleness, and sharp dissection with a knife or scissors, 
makes excision of the entire cyst wall and contents relatively simple. Although 
the cavity beneath the tongue which follows the removal of a cyst may be 
surprisingly large (Case 4) it can be completely obliterated by sutures and 
packing. Normal position and function of the tongue are to be expected fol- 
lowing the operation. Aspiration, whether for diagnosis or relief of symptoms, 
has little to commend it, is rarely actually indicated, and may possibly lead 
to serious infection of the cyst wall and floor of the mouth. 

Injection of various irritating, sclerosing solutions into all sorts and kinds 
of hollow structures, with little regard to the character of their lining or sup- 
porting wall, has been widely employed and recommended in the past few 
years, and was even seriously suggested as an elective form of treatment in 
Case 4. The principle underlying the obliteration of cavities lined with tissues 
of mesodermal origin by the production of irritation, fibroblastic prolifera- 
tion and fibrosis, is relatively simple and easily understood. In the case of 
structures lined with various kinds and thicknesses of epithelium, however, 
the complete destruction to the last cell by a sclerosing solution must be 
accomplished before this fibroblastic activity and fibrosis can take place. This 
is quite a drastic form of therapy, highly uncertain as to its outcome, and can 
in no way be considered a satisfactory substitute for clean surgical excision. 
It is certainly to be condemned as a method of treatment of sublingual epider- 
moid cysts. 

SUM MARY 

Four cases of true epidermoid cysts arising in the floor of the mouth are 
reported. These cysts arise from fetal remnants in the mesobranchial field, 
are lined by stratified squamous epithelium, and should be clearly differentiated 
from the more common ranulae. Surgical excision while the cysts are still 


small and uninfected is the elective form of treatment. 
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THE REGENERATION OF SENSATION IN TRANSPLANTED SKIN 
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FROM THE SHRINERS’ HOSPITAL FOR CRIPPLED CHILDREN AND THE DEPARTMENT OF SI RGERY, 
WASHINGTON UNIVERSITY SCHOOL OF MEDICINE, ST. LOUIS, MO 





THE regeneration of sensation in transplanted skin and the degree to which 





this regeneration takes place represents an important factor from both a 




























clinical and an academic standpoint. Clinically, its importance lies in the selec- 
tion of the type of graft for use in covering defects where the sense of touch is 
needed for proper function. The type of graft to be used in such a case is 
obviously the one in which the earliest return of good sensation can be assured. 
From an academic standpoint, it gives us an excellent means of studying the 





mechanism of nerve regeneration and the relationship of the various forms of 
sensation developed in the sensory nerve endings. Until recently, however, the 
literature contained few references to the subject and no detailed study of nerve 
regeneration in skin grafts alone had been attempted. 

Kredel and Evans,! in 1933, J. S. Davis and Kitlowski,? in 1934, and Loyal 
Davis,* in 1934, reported their findings in a series of cases which represented 
a combined total of 188 grafts. Of these, 102 were pedicle flaps, 38 were free 
full thickness grafts, 24 were Thiersch grafts, nine were split thickness grafts, 
and 15 were pinch grafts. All agreed that sensation returned first, and was 
more complete, in pedicle flaps than in any other type. Next in order was the 
free full thickness, then the split thickness, and finally the Thiersch graft. 
Krom this, it was concluded that the rate and degree of return, other things 
being equal, were directly proportional to the thickness of the graft used. All 
agreed that there was a temporal dissociation in the recovery of pain, touch, 
and temperature sensations. They also agreed that return of sensation began 
about the periphery of the graft, with the first evidence of recovery present in 
the proximal portion progressing distally and from the sides. Loyal Davis 
states, however, that return of sensation in Thiersch and free full thickness 
grafts may occur in patches. He also states that recovery is more rapid in 
those pedicle grafts which have only a small amount of subcutaneous tissue 
attached to the skin. These two points represent the only element of ques- 
tion in the general conclusions of all three authors. 

Since pedicle flaps represented the majority of grafts in their cases, and 
since only a few split thickness grafts were included, a detailed study of the 
return of sensation in this latter type was attempted. In order to have a com- 
parative study, several free full thickness grafts and a few pedicle grafts were 
also included. The patients used varied in age between five and 15 years. No 


patient was selected for study if there was any question about the ability to 
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cooperate well. All three of the above named authors included cases within 
this age group, and all concluded that age was not a factor in the recovery of 
sensation. Most grafts were performed for the release of scar contractures or 
the covering of defects, the result of burns. 

Method of Study.—Tests for sensation were begun at the time of the first 
or second dressing, the fifth or sixth day after the application of the graft. 
They were made daily in each case for several days, and later one each week. 
Most grafts were followed until sensation was not only present, but also equal 
to that of normal skin proximal to the graft and in other parts of the body. 
Complete return of sensation cannot be considered as present until this stage 
has been reached. For testing response to pin prick, an algesiometer, deliver- 
ing a pressure of 0.7 Gm. by gravity, was used so that the amount of force 
applied would be constant in all cases. The instrument used consisted of the 
“inner works” of a “Redipoint’’ mechanical pencil, with an ordinary sewing 
needle anchored in the lead container. The response to this is listed as the 
return of pain in the grafts of this series. For testing the return of touch, a 
small wisp of cotton drawn to a fine point was used. Completeness of the 
return was also checked by a comparison of the two-point discrimination of the 
graft with that of normal skin. Temperature discrimination was tested in 
many instances, but the findings in this were not such that conclusions could 
be drawn. With the ordinary means of testing temperature response, one can- 
not be certain that the response is primary in the graft itself. There is always 
the possibility that the sensation may be the result of transmission of the heat 
or cold to the underlying structures. The recovery of temperature sense will, 
therefore, not be included in this report. The growth of hair in children is not 
sufficient to necessitate shaving of the grafts prior to testing in most instances. 

It may be argued that return of sensation in split thickness grafts cannot 
be estimated satisfactorily since they are so thin that impulses in the usual 
methods of testing will be transmitted through the grafts to the underlying 
structures. This is certainly not the case, however, when an algesiometer deliv- 
ering such a light pressure is used for pain, and a wisp of cotton is used for 
touch. If this were true, the return should be complete at the time of the first 
examination instead of being anesthetic for the first few days, as is true in most 
instances. Neither can this be considered a factor when the graft is followed 
until its sensation is equal to that of normal skin in other parts of the body. 

Split Thickness Grajts—Forty-five split thickness grafts were studied 
during a period of three years, the majority of which were followed long 
enough to definitely establish the time of complete sensory regeneration and 
be certain that this was not merely an early hyperesthesia. Contrary to pre- 
vious reports, return of sensation occurred over all parts of each graft simul- 
taneously, and, with three exceptions, there was no evidence of regeneration 
from the margins of the graft. One of these three exceptions (Graft No. 3), 
was a graft applied to cover the donor area of a recent pedicle flap in the thigh 
in which the full thickness of both skin and subcutaneous tissue had been 


310 





























ml SENSATION IN TRANSPLANTED SKIN 


Number 2 


removed. Pain and touch returned over the entire graft at the same time, but 
progression from this point to equal the sensation of normal skin occurred from 
the proximal and lateral margins. In the second (Graft No. 10), the graft 
was placed on an excellent subcutaneous tissue bed except for a portion over- 
lying a completely denuded flexor profunda tendon in the ring finger. Except 
for this portion, the graft equaled the sensation of normal skin at 22 days, and 
had returned over all parts of the graft at the same time. Over the exposed 
tendon, however, where a complete take in the graft was also obtained, the 
return was definitely from the proximal and lateral margins, progressing 


distally very slowly. Return in the distal portion of this area was not equal to 








Fic. 1.—Scar of moderate density involving Fic. 2.—(Graft No. 7, Table I). Same as 
dorsum of foot. There is no involvement of the Fig. 1, after application of split thickness graft. 
deeper structures and a satisfactory subcutaneous Return of both pain and touch to equal normal 
tissue bed is available after excision of the scar. skin was present at the end of 60 days and oc 


curred over all parts of the graft simultaneously. 
normal skin until 110 days. In the third (Graft No. 4), after both pain and 
touch had shown complete return in the usual manner, though not yet equal to 
normal skin, the central portion of the graft became elevated by a collection of 
sebaceous material secreted beneath it. Sensation over this area was immedi- 
ately lost completely and subsequent return occurred very slowly from the 
proximal margin. This portion was not equal to the sensation of normal skin 
until after 55 days. In all other grafts, return of sensation appeared in scat- 
tered areas over the entire graft, then spread rapidly to completion in both pain 
and touch. The improvement to equal the sensation of normal skin took place 
more slowly. In all cases except four the increase in sensation, however, 
was one of steady progression from the first evidence of return until the com- 
plete stage was reached. In these four grafts (Nos. 7, 20, 30 and 33), there 
was definite evidence of early hyperesthesia which soon subsided, then pro- 
gressed in the usual manner. In Graft, No. 21, a portion of the transplant was 
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placed directly upon the exposed median nerve, and in Graft No. 34, upon the 
exposed tibial nerve. The portions overlying these nerves were extremely 
hypersensitive from the very beginning, but this disappeared as subcutaneous 
tissues were reformed. 

There was a temporal dissociation demonstrable in the return of pain and 
touch in all grafts except in those where both showed complete return at the 
time of the first dressing or first examination. This element was not as marked 
in this series, however, as in the previous reports. 

Return of sensation in split thickness grafts has been found to be much, 
more rapid than previously supposed, and they showed the earliest complete 


ihe, 


Fic. 3.—In contrast to Fig. 1, this shows a dense, extensive scar, the result of a very deep burn. 
The deeper structures are involved in this type of scar, and the graft must be placed on a scar tissue 
base or sometimes directly upon muscle instead of upon normal subcutaneous tissue. Obviously, the 
return of sensation would be markedly delayed. 
return of any of the various types. This regeneration at the same time is just 
as complete as in any of the others. In 16 of these grafts, there was regenera- 
tion in both pain and touch equal to that of normal skin within 60 days or less. 
This more rapid return, which takes place over the entire graft simultaneously, 
seems to indicate that the regeneration is not dependent upon the longitudinal 


growth of divided cutaneous nerves. The most logical explanation is that it 


results from an invasion simultaneously of all parts of the graft by extensions 
from cutaneous nerves which invade the transplant along with the capillaries 
from the underlying bed. Recovery in those portions of grafts (Grafts Nos. 4 
and 10) not in contact with the usual satisfactory bed takes place from the 
margins as stated previously, for in these portions extension of nerve fibers 
from the underlying bed is impossible. 

The time required for complete sensory regeneration in any given graft is 
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dependent upon several factors. The most important of these is the type of bed 


upon which the graft is placed. The earliest complete returns were seen in 
those cases where the grafts were placed upon areas denuded by the excision 
of thin superficial scars and which had relatively normal subcutaneous tissue 
beds (Grafts Nos. 1, 2, 8, 12,17 and 18). Normal sensation is usually present 
in such areas prior to operation but the fact that they are often surrounded by 
a similar type of scar does not seem to influence the rate of return. In those 
areas where dense, massive scars are encountered and excised, where the 
graft is placed directly on scar tissue, and completely surrounded by the same 
type of scar, the return is appreciably delayed. That complete regeneration 


can take place under such adverse conditions, however, 1s demonstrated by 


Fic. 4.—Same as Fig. 3. After excision of scars and replacement with split thickness grafts 
Graft No. 22 is seen in the forearm in which pain and touch sensations equaled that of normal skit 
at 203 days. Graft No. 24, seen above the elbow, was followed only 70 days and was not yet equal ° 
normal skin in either. The return occurred over all parts of both grafts simultaneously. 
many of the cases of this series (Grafts Nos. 9, 15, 21, 22, 25, 27, 30 and 32). 
In such areas, sensation is usually not normal prior to operation, and it has 
been interesting to note that grafts in these areas show a degree of return 
which is often far better than the sensation of the surrounding scar. This 
would be very difficult to explain if the regeneration in the graft were depend 
ent on the longitudinal growth of divided cutaneous nerves. The fibers enter 
ing the graft would then have to traverse the scar proximal to it, and the 
sensation in the graft could hardly be expected to excel that of the surrounding 
area. With the fibers entering from the underlying bed, however, less resist- 
ance is encountered in the graft than in the scarred areas, and the degree of 
sensory regeneration in the former is definitely greater. Closely related to the 
type of bed as a factor in the rate of regeneration is the depth or severity of the 
primary burn or injury. Deep burns destroy cutaneous nerves and some of 
these never completely regenerate, especially if these areas are allowed to fill 
in with dense, extensive scarring. This is clearly demonstrated by Grafts 
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Nos. 41, 42, 43 and 44, in all of which complete anesthesia was still present 
after over four years. These four grafts were in the same individual, who had 
a complete loss of skin and subcutaneous tissue, and a partial loss of the under- 
lying muscles as a result of a very deep burn. There was complete destruction 
of all cutaneous nerves in these areas, which have thus far failed to regenerate. 
Two pedicle flaps were also used in the same region in this case and they too 
showed no evidence of returning sensation after over four years. In this same 
individual, however, another split thickness graft was applied farther out on 
the arm where the burn was not so deep (Graft No. 45), and at the end of 
52 months it showed complete return to both pain and touch, though neither 
was equal to normal skin. All of these areas were surrounded by normal skin 
with normal sensation, and had there been any regeneration of the destroyed 
cutaneous nerves, the margins of the grafts should have at least shown some 
evidence of return at the end of this time. It seems reasonable to conclude 
then that where some or all of the cutaneous nerves are left intact in the under- 
lying bed, regeneration will take place over all parts of a split thickness graft 
smultaneously. In areas, however, where there is little or no overlap in the 
cutaneous nerve supply, as in the forehead, and the one incoming nerve is 
destroyed, sensory return can take place only with the regeneration of this 
nerve. In this and in any area where all cutaneous nerves are destroyed, and 
where there is no regeneration in these nerves, complete anesthesia will persist 
regardless of the type of graft used. Another factor closely related to the type 
of bed and the degree of the primary burn is the depth of the dissection neces- 
sary before the application of the transplant. In cases where contractures of 
the knee (Graft No. 34), and contracture of the axilla (Graft No. 29) are 
released, it is often necessary to place the transplant directly upon muscles. In 
these, complete return is always greatly delayed, but can still occur over all 
parts of the graft simultaneously unless all of the underlying cutaneous nerves 
are destroyed. 

Another factor in the rate of regeneration, but least important of all, is the 
anatomic location of the graft. Certain regions of the body, particularly the 
lips, have a more abundant cutaneous nerve supply and in some instances 
(Graft Nos. 17 and 18), this seems to alter somewhat the rate of regeneration. 
The size of the graft used has been shown repeatedly to have no influence on 
the rate of sensory return. Graft No. 11, measuring eight inches in length and 
two and one-half inches in width, showed complete return to both pain and 
touch and was equal to normal skin at the end of 45 days. A much smaller 
graft (Graft No. 20), three inches long and one and three-quarters inches wide, 
did not show regeneration equal to that of normal skin until after go days. 
The former graft was placed upon an excellent subcutaneous tissue bed, while 
the latter was placed upon the donor area of a pedicle flap in which the full 
thickness of skin and most of the subcutaneous tissue had been removed. If, 
however, the return of sensation was dependent solely on the longitudinal 


growth of divided cutaneous nerves, the smaller graft should have shown com- 
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TABLE [ 


SYNOPSIS OF 45 CASES UPON WHOM SPLIT THICKNESS GRAFTS WERE APPLIED 





Complete Return 














Graft No., Location Per- Size of — - Equa] to 
Case No., of centage Graft Type of Defect To To Normal 
Age Graft of Take Inches Pain Touch Skin 
1. (K-47) Forehead 100 6!2 x 234 Old burn. Very thin super 8 days 10 days 26 days 
14 yrs ficial scar 
2. (K-47) Neck 100 eo SF Old burn. Thin, superfi 7 days 9 days 28 days 
14 yrs. cial scar contracture 
3. (K-145) Thigh 80 4 «4% Delayed application to 70 days 70 days 322 days 
13 yrs donor area of recent First examination 
thick pedicle flap 
4. (L-67) Ankle go 214.X3 Old pressure slough. Super 5 days 16 days 55 days 
10 yrs ficial scar contracture 
5. (L-29 Abdomen 100 432 x2 Delayed application to 12 days 22 days 55 days 
8 yrs. donor area of recent thin 
pedicle flap 
6. (L-26 Abdomen 85 ¢ x2 Delayed application to 7 days 14 days 52 days 
8 yrs. donor area of recent thin 
pedicle fiap 
7. (M-25 Foot go 134x3 Old burn. Scar of mod- 20 days 24 days 60 days 
8 yrs. dorsum) erate density 
8. (K-195) Thigh 100 6 x3 Immediate application to 7 days 7 days 30 days 
15 yrs donor area of full thick- 
ness graft 
g. (1-18 Palm and 05 212 x I Old rope burn. Dense scar 6 days 6 days 130 days 
7 yrs ring finger contracture 
10. (L-175) Flexor 109 mx1 Old rope burn. Portion in 7 days 7 days 22 days 
7 yrs. surface each ring finger laid on ex (40 days 40 days 110 days 
ring and posed tendon over ex- over ex over ex 
middle posed posed posed 
fingers tendon) tendon) tendon 
11. (L-229) Forearm 100 8 <2 Old burn. Scar of moderate 12 days 15 days 15 days 
5 yrs and hand density 
12. (K-47 Hand 100 344 «3% Old burn. Thin superfi 5 days 9 days 28 days 
14 yrs. dorsum) cial scar 
13. (L-39) Neck So 3 x 2 Delayed application to 8 days 12 days 55 days 
14 yrs. donor area of recent 
pedicle flap 
14. (L-39 Mastoid 100 a2 <1 Delayed application to 5 days 7 days 63 days 
14 yrs process donor area of recent 
pedicle flap 
15. (L-39) Hand 80 ¢ x2 Old burn. Deep dense scar to days 21 days 95 days 
14 yrs dorsum) 
16. (L-39) Hand 05 314 x 134 Old burn. Deep dense scar 8 days 20 days go days 
{ 14 yrs dorsum) 
17. (L-39 Lower lip 90 24x1% Old burn. Thin superficial 5 days 7 days 24 days 
14 yrs scar 
18. (L-39) Upper lip 100 24x! Old burn. Thin superficial 7 days 7 days 1 days 
14 yrs. scar 
19. (L-39) Hand and 90 + x“x1'z Old burn. Moderately 7 days 12 days 38 days 
( 14 yrs wrist dense scar 
dorsum) 
t 20. (L-39) Neck 9° 3 x1% Delayed application to 13 days 21 days go days 
‘ 14 yrs. donor area of recent 
pedicle flap 
21. (L-152) Elbow 90 o.&% Old burn. Dense scar re 6 days 9 days »78 days 
12 yrs. flexor quiring deep dissection 
surface) 
22. (L-152) Forearm 05 9 X2 Old burn. Dense scar re 7 days 10 days 203 days 
12 yrs. and wrist quiring deep dissection 


E (volar sur- 
face) 











Location Per- 
of centage 
Graft of Take 
Forearm 100 
(dorsum) 


Graft No., 
Case No., 
Age 
3. (L-152) 
12 yrs. 


Arm 
(posterior 
aspect) 

Arm 


24. (L-152) 
12 yrs. 


25. (L-195) 
7 yrs. 
26. (K-97) Elbow 
10 yrs. 
27. (L-195) Chest wall 
7 yrs. 
28. (L-195) Forearm 
7 yrs. 
29. (L-195) 
7 yrs. 


Axilla 


30. (J-82) Chest wall 
Q yrs. 

31. (J-82) 
9 yrs. 

32. (J-82) 
9 yrs. 

33. (L-196) 
IO yrs. 
34. (M-134) 
13 yrs. 


Shoulder 
left) 

Shoulder 
(right) 

Lower lip 


Popliteal 
space 
(M-134) Leg 
13 yrs. 
36. (N-17) 
13 yrs. 


35 


Leg 


37. (I-53) Abdomen 
II yrs. 
38. (L-94) 
10 yrs. 
39. (I-83) 
14 yTs. 
40. (I-83) 
14 YT. 

41. (I-53) 
‘I yrs. 
42. (I-s3) 
II yrs. 
43. (I-53) 
II yrs. 
44. (I-53) 
II yrs. 
45. (I-53) 
II yrs. 


Abdomen 
Abdomen 
Neck 
Axilla 
Axilla 
Elbow 
Abdomen 


Forearm 


much 


plete regeneration 
bed available. 

In those grafts where 
of sensation may be delayed. 
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TABLE I—Continued 


Size of 
Graft Type of Defect 
Inches 

x 2! Old burn. Dense scar re 


quiring deep dissection 


Old burn with dense scar 


Old 


fect from release of axil 


burn. Extensive de 
lary contracture 

Defect from full thickness 
loss of skin in a clothes 
wringer 

Old 


fect from release of axil 


burn. Extensive de 
lary contracture 

Old burn. Scar of moder 
ate density 

Old burn. Defect from re 
lease of axillary contrac- 
ture 

Old burn. Dense scar con 
tracture 

Old burn 
tracture 

Old burn. Dense 


Dense scar con 

scar con- 
tracture 

Old burn. Scar of moderate 
density 

Old burn. Dense scar with 
secondary fiexion de 
formity 

Open wound from deep 
burn 2% yrs. old 

Immediate application to 
donor area of pedicle 
flap 

Old burn. Dense scar with 
graft placed on muscles 

Old burn. Thin superficial 
scar 

Old burn. Dense scar con 
tracture 

Old burn. Scar of moderate 
density 


Recent deep burn with full 


thickness loss of skin 
and subcutaneous tissue 
and part of underlying 


muscles 


Recent deep burn, but not 
as deep as the above four 


Annals of Surgery 
August, 1938 


Complete Return 
Equal to 
Norma! 
Skin 
Incomplete 
at 153 
days 
Incomplete 


To 
Touch 


To 
Pain 


6 days 11 days 


Io days 
at 70 
days 


9 days 128 days 


10 days 25 days 45 days 


8 days 128 days 


7 days 7 days 97 days 


7 days 9 days 112 days 


8 days 10 days 153 days 


7 days 7 days 120 days 


7 days 10 days 136 days 


6 days 6 days 55 days 


15 days At 87 days, still none to 
to touch 

30 days At 125 days, still none to 
touch 


34 days Incomplete at 155 days 


At «25 days, partial return to pain 
None to touch 

First tests at 148 days and both pain 
and touch were equa] to normal skin 

First examination at 330 days showed 
both pain and touch complete and 
equal to normal skin 


After there was complete 


anesthesia 


52 mo3., 


At 52 mos., showed complete return to 
both pain and touch, almost equal to 
normal! skin 


sooner than the larger, irrespective of the type of 


some secondary scar contracture develops, the return 
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graft itself, but is instead located in the underlying bed with the result that the 
graft is piled up in small folds on the surface. These folds obviously increase 
the distance between parts of the transplant and the underlying bed and the 
rate of invasion of nerve fibers is proportionately decreased. 

Free Full Thickness Grafts.—The rate of sensory regeneration in eight free 
full thickness grafts which were studied was, in general, slower than the regen- 
eration in split thickness grafts. This complete return, however, was found in 
all cases to be more rapid than that found by previous investigators. All, with 
one exception, showed regeneration over all parts of the graft simultaneously 
in both pain and touch, the degree of which progressed gradually to equal the 
sensation of normal skin. Only one (Graft No. 2), showed evidence of return 
from the proximal and lateral margins of the graft. This one exception agrees 
with the findings of previous investigators but the other cases were followed so 
closely that there can be no doubt that regeneration in all occurred over the 
entire graft simultaneously. This was a very deep burn with secondary scar 
contracture and it may be that most or all of the cutaneous nerves were orig- 
inally destroyed and the ones which had regenerated in the scar were removed 
with its excision and the preparation of the bed. In one (Graft No. 6), there 
was evidence of hyperesthesia at the end of two weeks, but this rapidly disap- 
peared and return to pain was noticed again at 26 days. In all other grafts, 
the return was slowly progressive from the time of first appearance until it had 


equaled the sensation of normal skin. The temporal dissociation in the return 


of pain and touch in full thickness grafts was much greater than that seen in 


split thickness grafts. 
The factors influencing the rate of sensory return in this type of graft are 


TABLE I] 
SYNOPSIS OF EIGHT CASES UPON WHOM FREE FULL THICKNESS GRAFTS WERE APPLIED 


Complete Return Equal 
Graft No., Location Per Size of - to 
Case No., of centage Gratt Iype of Defect To To Norma | 
Age Graft of Take Inches Pain Touch Skin 
1. (K-195 Neck 100 { Nid burn. Dense keloid scar but 25 days 36 days 52 days 
15 yrs freely movable 
(J-82 Neck 00 ; 2 Old burn. Dense scar with secondary 22days 56 days 
9 yrs contracture 
K-195 Face 5 ‘ Old burn. Dense keloid scar but 14 days 22 days 
15 yrs freely movable 
K-47) Neck ) : 2 Old burn. Scar of moderate density 27 days 45 days 
14 yrs with secondary contracture 
K-195) Face 334 ‘ Old burn. Dense keloid scar which 15 days 20 days 
15 yrs was freely movable 
. (K-170) Face ) 114 2 Old burn. Dense keloid scar 26 days 49 days 
8 yrs. 
M-193) Neck Old burn. Mild, relatively thin scar 30 days 
12 yrs. 
. (L-94) Neck ee 3 Old burn. Moderately dense scar First examination made at 148 
IO yrs with secondary contracture days, at which time both 
pain and touch were com 
plete and equal to normal 
skin 
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identical with those described previously for split thickness grafts. All eight of 
these transplants were placed on excellent soft tissue beds with the exception of 
Graft No. 2, where extensive scarring was encountered and the transplant was 
made directly upon scar tissue. As a result, a much longer period of time was 
required for the sensation in this transplant to equal that of normal skin. The 
size of the graft used apparently was not a factor in the rate of regeneration. 
Pedicle Flaps.—Five pedicle flaps have been studied, but only three of these 
have been followed closely from the actual date of transplant. Of these three, 
two were transplanted to the dorsum of the hand and the third to the posterior 
and medial aspect of the heel. The results compared favorably to those 
reported by previous investigators using similar types of grafts. The return of 
sensation was always noticed first along 
the proximal margin and along the 
margin which was attached at the time 
of the first stage of the operation. It 
then progressed distally and laterally 
across the body of the graft. Return 
to pain always occurred first and pro- 
eressed far in advance of touch. There 
was no evidence of sensory regenera- 
tion in the body of the graft, inde- 
pendent of the progression from the 
proximal and lateral margins, similar 
to that seen so commonly in split and 
free full thickness grafts. All flaps in 
this series consisted of the full thick- 
ness of skin and subcutaneous tissue, 
and it is possible that extensions of 
nerve fibers from the underlying bed 





were unable to penetrate this mass of 


Fic. 5.—(Grafts Nos. 1 and 5, Table IT) 


Two full thickness grafts placed on excellent tissue. This could account for the dif- 
subcutaneous tissue beds in which both pain and - . e ; 
touch were equal to that of normal skin at 52 ference in the type ot return seen in 
and 50 days respectively. Return of sensation ' 5 7 
occurred over all parts of these grafts simul | pedicle flaps as compared with the 
taneously. 


thinner transplants. 

The length of time required for the sensation in these three pedicle flaps to 
equal that of normal skin was much greater than that generally seen in the 
other two types. Complete regeneration in these grafts did occur, and this was 
undoubtedly aided by the fact that all were surrounded by normal skin and 
showed little or no evidence of scarring about their margins. The other two 
transplants were used in the axilla of a patient (Grafts Nos. 4 and 5), who had 
suffered a very deep burn with apparently complete loss of all cutaneous nerves 
in the region. Asa result, total anesthesia still existed in both flaps 52 months 
later. This is the same case (Grafts Nos. 41, 42, 43, 44 and 45) which showed 
complete anesthesia in several split thickness grafts four years after operation. 
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TABLE III 
SYNOPSIS OF FIVE CASES UPON WHOM PEDICLE FLAPS WERE APPLIED 


Complete Return 


Graft No., Location Per Size of Type of Defect - - - - Equal to 
Case No., of centage Graft To To Normal 
Age Graft of Take (Inches Pain Touch Skin 
r. (L-ag) Hand and 100 cee Deep scar contracture, secondary 83 days 125 days 240 days 

8 yrs. wrist to old tenosynovitis 
(dorsum) 
3. (L-26) Hand 100 334x2% Scar contracture, secondary to 65 days 95 days 218 days 
8 yrs (dorsum) injury and old osteomyelitis 
3. (K-r45) Heel 100 314x3 Early flap for covering com- 124 days 158 days 396 days 
13 yrs pletely denuded posteromedial] 
aspect of os calcis 
4. (I-53) Axilla 109 2 x1% Neighboring flap shifted for cov First checked 52 mos. later at 
II yrs. ering defect resulting from burn which time there was still com- 
5. (I-53 Axilla 109 2!'2 x 134 Neighboring flap shifted for cov plete anesthesia in all parts of 
Ir yrs ering defect resulting from burn the graft 
SUMMARY 


The return of pain and touch sensations has been closely followed in a series 
of split thickness grafts, free full thickness grafts, and pedicle flaps. This 
sensation was followed not only until complete return was present to both pain 
and touch, but also until it equaled that of normal skin in other parts of the 
body. The results obtained are quite different from those obtained by previous 
investigators. It has been found that in split thickness grafts, the regeneration 
usually occurs over all parts of the graft simultaneously rather than by progres- 
sion of the sensation from the proximal and lateral borders of the grafts as 
previously supposed. The only exception to this lies in those grafts which can- 
not be placed on a satisfactory soft tissue bed. The same holds true in the 
majority of free full thickness grafts, for only one in a series of eight trans- 
plants of this type showed evidence of regeneration first along the proximal 
and lateral margins, with progression distally over the remaining portion of 
the graft. The findings in pedicle flaps agree with previous reports, in that 
regeneration takes place first along the proximal border and the portion 
attached first, progressing distally slowly over the body of the graft. In none 
of the pedicle flaps was there any evidence of sensory return in the transplant 
independent of this progressive change. Complete recovery of sensation in all 
types of grafts is possible to an equal degree, unless the cutaneous nerves of the 
involved region have been completely destroyed at the time of the original burn 
or injury, and have failed to regenerate. 

Previous reports have agreed that the regeneration of sensation in any graft 
was directly proportional to the thickness of the graft used. In this series, the 
exact opposite has beer. found. Generally speaking, and other things being 
equal, regeneration is more rapid in split thickness grafts than in any other 
type. Next in order is the free full thickness graft, and slowest of all is the 
pedicle flap. In other words, the rate of return is inversely proportional to the 
thickness of the graft used in the three types which were studied. A temporal 
dissociation in the recovery of pain and touch has been demonstrable in all 
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types, but this becomes more pronounced as the thickness of the graft is 
increased. 


I wish to express my appreciation to Dr. J. B. Brown for the use of his cases in the 
conduct of this investigation 
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ERRATUM 


Page 34, 21st line, of the January, 1938, issue should read 140° C. instead of 140° F. 
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